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Name of Candidate: Melissa Hall 
Title: Techno-Environmental Analysis of Generating Animal Feed from Wasted Food Products 
 
The scope of this thesis was to investigate the technological and environmental parameters related 
to producing animal feed from wasted food products (FFP). An analysis was conducted to understand 
both the global and local (New York) factors affecting food waste diversion to feed. In the case of New 
York, the State has great potential resources for FFP, however, it is currently lacking in both visibility and 
a motivating factor to incentivize industry growth.  
Published literature was analyzed to understand deployment of FFP operations in other global 
regions, including Japan, Korea, and Europe. Food waste resources available in New York State were 
then characterized and quantified, and a life cycle assessment (LCA) was performed on an existing FFP 
operation to evaluate the net impact on greenhouse (GHG) gas emissions. It was determined that the net 
GHG benefit was -422 kg CO2 eq. per ton of food waste processed, with by far the largest contribution 
(82%) being associated with the credit applied for avoidance of conventional animal feed. The greater 
GHG benefit realized with the subject New York State FFP operation relevant to prior studies was largely 
attributed to the much lower feedstock moisture content in the New York State case. The “break-even” 
moisture content, i.e. the point at which emissions from FFP operation exactly match the credit from 
conventional feed avoidance, is strongly dependent on the type of heating fuel used for feedstock drying. 
For the subject New York State FFP facility using wood chips and scrap food packaging for heating, the 
break-even moisture content was about 80%. Heating instead with natural gas dropped this critical 
moisture content to approximately 60%. With relatively dry feedstock, the range of GHG emissions for 
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FFP operations is favorable compared to other food waste utilization pathways, including direct feeding 
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According to the United Nations Environment Program (UNEP), food waste encompasses losses of food 
intended for human consumption that are removed from the supply chain before they can be consumed by 
people (Lipinski et al., 2013). This shrinkage, averages 32% of food produced globally, and occurs at all 
stages of the supply chain due to damage, spoilage, product expiration, and natural events, etc. (Lipinski 
et al., 2013). The economic and environmental costs of this loss are significant. In the U.S. alone, food 
waste costs the economy $165 billion each year (Bond et al., 2013).  
 
While there is a food waste focus on the national and the international stage by agencies such as the 
United States Environmental Protection Agency (EPA), the United Nations Food and Agriculture 
Organization (FAO), and the European Commission (EC), it is important to investigate wastage and 
recovery solutions at the state level. Many of the waste management laws and initiatives are generated 
and executed by state or municipal agencies. Additionally, each district has unique challenges and 
opportunities to address. New York has the second highest number of food and beverage manufacturing 
firms across all states in the U.S. with 2,186 as of 2010.1 The industry is dominated by bakery and tortilla 
manufacturing, which totals 67% of all of the state firms (Bureau of Labor, 2014). As such, food waste 
recovery mechanisms chosen for this region will likely be different than Wisconsin, where a significant 
amount of dairy products are produced. 
 
Recently, the United States set a goal to reduce the country’s food waste by 50% by 2030.2 The priority 
mechanisms for reduction and recovery have been outlined by the EPA, shown below in Figure 1.1: 
reduce waste at the source, feed the hungry, feed animals, industrial uses (e.g. energy recovery), 
composting, and landfilling or incineration.3  
 
																																								 																				
1 USDA ERS - Processing & Marketing: Manufacturing, Food and Beverage Manufacturing, 
http://www.ers.usda.gov/topics/food-markets-prices/processing-marketing/manufacturing.aspx 
2 United States Department of Agriculture, USDA and EPA Join with Private Sector, Charitable Organizations to 
Set Nation's First Food Waste Reduction Goals, 2015, 
http://www.usda.gov/wps/portal/usda/usdahome?contentid=2015/09/0257.xml 




Figure 1.1 - EPA's Food Recovery Hierarchy3 
 
Among the recovery pathways, diversion to animal feed is one of the least documented in the 
environmental literature, despite being the third most preferred pathway. Over the last twenty years there 
have been a sufficient number studies which analyze the environmental implications of the various food 
waste diversion pathways, however, most of them fail to incorporate animal feed. They instead focused 
on biogas, composting, or landfilling as waste management strategies (e.g., Cherubini et al. (2009); 
Bernstad and la Cour Jansen (2012); Levis and Barlaz (2011); Strutz (1998)). 
 
In addition to the edict by the EPA on the priority for diversion to animal feed, the Beyond Waste plan 
from the New York State from Department of Environmental Conservation (DEC), indicated that waste 
recovery for animal feed should be increased (Beyond Waste, 2010). Among several of the State 
recommendations for reducing waste was one specifically targeting diversion to animal feed: 
 
“Maximize the diversion of food scraps to feed animals by providing funding to a 
non-governmental organization to: develop and distribute guidance on the 
regulatory requirements governing consumable food used for animal feed; work 
with Cooperative Extension agents to identify farms and local food residuals 
sources and facilitate relationships and hold forums across the state to 
disseminate information and facilitate relationships between the sources and 




In the above statement, DEC’s commitments condense down to two elements: firstly, to generate 
pertinent information for invested stakeholders on the key aspects of food waste diversion to animal feed, 
including regulatory restrictions, and secondly to discover and foster relationships between producers of 
food waste and consumers of animal feed. This thesis is intended to fill some of the research gaps on the 
sustainability implications for diverting lost food products to animal feed in New York State, as well as 
provide valuable insight necessary for the DEC to achieve their stated goals. This research also comes at 
an important time, because it is reasonable to assume that in the near future New York State will ban 
commercial food waste in landfills. There have been five state level bans to date in California, 
Connecticut, Massachusetts, Rhode Island, and Vermont. This thesis will provide recommendations on 
strategies that can be used to increase diversion to animal feed, as well as explore how the environmental 
impacts of this method compare to other recovery pathways such as composting and anaerobic digestion.  
 
Below are compelling research questions that have been answered by this thesis research. The thesis 
organization description that follows provides detail as to how these questions have been specifically 
addressed. 
 
● What is the state of diverting lost food products to animal feed? 
● What are some of the environmental outcomes expected with a diversion to animal feed?  
● What are some of the policy opportunities to increase food waste diversion to animal feed in New 
York State? 
 
1.2 Thesis Organization 
 
Given the environmental, economic, and social knowledge gaps associated with generating feed from 
food products (FFP), the thesis has been organized into the chapters described below. From the outset, 
there was an expectation that best practices, customs, and policies from around the world would be 
considered to translate those concepts into a framework that is relevant for New York State. 
 
Chapter 2 - Defining Relationship between Food Waste and Animal Feed: The purpose of this 
chapter was to document the state of food waste and animal feed, i.e. economic and 
environmental concerns, and the history of feeding animals food waste and food products, within 
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the United States and globally. This Chapter provides the informational foundation for the rest of 
the chapters described below.  
o Discuss the history of feeding food wastes and food by-products to livestock including 
relevant disease outbreaks over the last century. 
o List and describe several of the main food wastes and by-product feeds utilized in 
industry based on sources and nutritional content. 
o Identify the environmental and economic issues presented by global food waste and 
traditional animal feed. 
 
Chapter 3 - State of the Food Waste to Animal Feed Industry: Lost food products are currently 
diverted to animals in places all over the world, either directly or after some intermediary 
processing in. Each practicing area has different food waste recovery rates, food waste 
management laws, and animal feed policies and restrictions. The purpose of this objective is to 
understand if there are policies or practices that can be applied to New York. 
o Generate international policy matrix, which includes a list of food waste regulations, 
diversion priorities and incentives, etc. for each state. 
o Document a representative sample of both domestic and international food processing 
facilities that create animal feed. 
o Provide a general summary of the status of the industry. 
 
Chapter 4 - Current Food Waste Management Practices in New York State: The goal of this 
section is to provide a baseline for FFP analysis within New York State. The investigation 
includes a general understanding industry perception, current food waste management practices, 
as well as FFP adoption barriers. 
o Summarize waste management and animal feed regulations policies within New York 
State 
o Identify current recovery practices as well as opportunities within New York State. 
 
Chapter 5 - Evaluation of Existing Environmental Analyses on Food Waste to Animal Feed: Food 
waste to animal feed is highly recommended by the EPA but how sustainable is it? The purpose 
of this section is to review impact results described in literature as well as the methods and 
assumptions used to arrive at those conclusions. This analysis will also yield a framework for the 
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life cycle assessment performed as a part of Objective 5: “Life Cycle Assessment of Food Waste 
to Dry Animal Feed Processing.” 
o Generate a table summarizing the environmental literature that includes feed animal, food 
waste composition, diversion alternatives, and environmental comparison in kg CO2-eq. 
o Identify gaps in literature that specifically relate to the current state of New York.  
 
Chapter 6 - Life Cycle Assessment of Food Waste to Dry Animal Feed Processing: An initial 
literature review of the environmental analysis for feed from food products demonstrated that 
there are gaps in coverage. Many of the studies to date have been based in Asia and use municipal 
solid waste as the feedstock. The few assessments that incorporated manufacturing by-products 
utilized primarily (or exclusively) bread waste feedstocks. Additionally, based on an extensive 
literature review there have been no life cycle assessments performed on FFP using data from the 
United States. The purpose of this Chapter is therefore to execute such an analysis on a FFP 
facility in the Upstate New York region. This LCA provides a detailed review of what 
environmental outcomes are expected if more similar FFP facilities are created across the State. 
The company collects, dries, and mills, lost food products, in bulk or in packaged form, to 
generate corn replacement sold to feed mills. The assessment is scoped to include collection, 
processing, and shipment of food waste and animal feed. The results will be compared to 
literature values for diversion to animal feed, anaerobic digestion, and composting.  
o Conduct a life cycle assessment using SimaPro software. 
o Perform a sensitivity analysis along with the life cycle assessment with changes to: 
energy inputs (i.e. coal or natural gas), average transport distance traveled for both 
inbound food waste and outgoing animal feed, food waste moisture content, and amount 
of conventional animal feed replaced by the FFP generated. 
 
Chapter 7 - Identification of Feed from Food Product Development Opportunities for New York 
State: There is opportunity to expand the FFP market within New York State. Chapters 2-6 
helped identify that potential. This is done through a review of the industry, understanding the 
New York market and its constraints as well as recognizing the environmental implications of this 
diversion method. The analysis enabled policy recommendations to be made for New York State: 
o Identify the important factors and relationships between variables that impact the market 
potential of FFP diversion. 
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o Describe what industry segments should be addressed first, based on their opportunity as an 
animal feed substitute. 
2 Defining the Relationship between Food Waste and Animal Feed 
2.1  Definitions 
To understand the complete FFP picture, it is important to acknowledge that there are contradicting 
definitions for the key terms in food waste being used in both industry reports as well as research 
literature. The most cited definitions of food waste and food loss come from various documents published 
by the United Nations (UN) Food and Agriculture Organization (FAO).  
 
● Food loss: “Refers to a decrease in mass (dry matter) or nutritional value (quality) of food that 
was originally intended for human consumption. These losses are mainly caused by inefficiencies 
in the food supply chains, such as poor infrastructure and logistics, lack of technology, 
insufficient skills, knowledge and management capacity of supply chain actors, and lack of access 
to markets. In addition, natural disasters play a role.” (Food Wastage Footprint, 2013) 
 
● Food waste: “Refers to food appropriate for human consumption being discarded, whether or not 
after it is kept beyond its expiry date or left to spoil. Often this is because food has spoiled but it 
can be for other reasons such as oversupply due to markets, or individual consumer 
shopping/eating habits.” (Food Wastage Footprint, 2013) 
 
● Food wastage: “Refers to any food lost by deterioration or waste. Thus, the term “wastage” 
encompasses both food loss and food waste.” (Food Wastage Footprint, 2013) 
 
Some of the peripheral definitions that are also used to further define waste include: 
 
● Food residues/food by-products: “a production residue that is not a waste,” where a production 
residue is defined as “a material that is not deliberately produced in a production process but may 
or may not be a waste.” (European Commission, 2007) 
 
● Avoidable Food Waste: “Food and drink thrown away that was, at some point prior to disposal, 
edible (e.g. slice of bread, apples, meat).” (Quested and Johnson, 2009) 
 
● Possibly Avoidable: “Food and drink that some people eat and others do not (e.g. bread crusts), or 
that can be eaten when a food is prepared in one way but not in another (e.g. potato skins).” 
(Quested and Johnson, 2009) 
 
● Unavoidable Food Waste: “Waste arising from food or drink preparation that is not, and has not 
been, edible under normal circumstances (e.g. meat bones, egg shells, pineapple skin, tea bags).” 




● Garbage: “All waste material derived in whole or in part from the meat of any animal (including 
fish and poultry) or other animal material, and other refuse of any character whatsoever that has 
been associated with any such material, resulting from the handling, preparation, cooking or 
consumption of food, except that such term shall not include waste from ordinary household 
operations which is fed directly to swine on the same premises where such household is located.” 
(Swine Health, 2009) 
 
● Former Foodstuffs: “means foodstuffs, other than catering reflux, which were manufactured for 
human consumption in full compliance with the EU food law but which are no longer intended 
for human consumption for practical or logistical reasons or due to problems of manufacturing or 
packaging defects or other defects and which do not present any health risks when used as feed.” 
(Catalog of Feed, 2013) 
 
Throughout this document, the FAO’s versions of food loss and food waste will be used interchangeably 
and will include materials that are lost from the system for both reasons. The European Union is in the 
process of clarifying their definition of food waste through a project titled FUSIONS. The proposed 
terminology for food waste as of 2014 is, “Any food, and inedible parts of food, removed from the food 
supply chain to be recovered or disposed (including composted, crops ploughed in/not harvested, 
anaerobic digestion, bio-energy production, co-generation, incineration, disposal to sewer, landfill, or 
discarded to sea),” (FUSIONS Definitional Framework, 2014). 
 
Both food waste and food by-products will also be discussed. Additionally, food by-products may also be 
identified as co-products, inedible waste, and unavoidable waste. While the EPA reduction goals are 
targeted specifically at food meant for humans but fails to reach the consumer, unavoidable losses have 
many similar nutritional and waste management characteristics to food waste. By-products and co-
products merely represent a more mature system for resource use; they provide the food waste industry 
insight into efficient recovery. According to Grasser et al. (1995), “The feeding of by-products, typically 
in the form of crop residues, to livestock has been practiced for hundreds, perhaps thousands, of years.” 
The authors also state that feeding by-products or food processing wastes to livestock decreases the 
competition for edible grains between animals and humans as well as lowers the cost to manage food 
waste (Grasser et al., 1995).  
 
Certain residues from the food supply chain (FSC) have gained the non-waste status of by- or co-product. 
Most of the remaining lost food products that are still considered waste have barriers to diversion that 
have prevented them from achieving by-product status. Common inhibitors include characteristics such as 
high moisture level or variation in nutritional content. However, the opportunities demonstrated by both 
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food by- and co-products enable recommendations to be made on best practices for food waste within 
places such as New York State.  
 
Most of the literature sources agree with the FAO definition of food waste, however, some reports and 
government regulations incorporate both edible and non-edible food losses. This is explained in more 
detail in Chapter 3 (State of the Food Waste to Animal Feed Industry). For example, BSR (2014) 
surveyed US food manufacturers, grocery retailers, and wholesalers about their waste streams and 
reported results for both edible and inedible food waste. Additionally, Bond et al. (2013), in a report 
performed for the United Kingdom, included both avoidable and unavoidable food losses. One advantage 
to this method is that it allows the country to properly account for all of the “waste” material being 
generated. If management capacity, i.e. recycling and recovery plants, was solely set based on edible 
waste then the recovery infrastructure will be overcapacity from its inception. The inedible addition 
contributes roughly 10% to the total waste that must be managed in the UK (Downing et al., 2015). On 
the other hand, by identifying by-products as waste, materials with economic value may more likely be 
treated through waste management rather than as a secondary value stream.  
 
2.2  The Food Waste Challenge 
While food loss is a global issue, the problem scale and waste sources vary according to regional customs, 
season, and economic development status. For example, in Japan, there is a significant problem with table 
waste because it is a part of the culture to have large, plentiful meals with only the freshest ingredients. 
Much of this food ends up going to waste (Parry et al., 2015). According to Girotto et al. (2015) at the 
global level, 32% of edible food produced is wasted. This equates to 61 million tons per year in the 
United States, 6.24 million tons per year in Korea, 92.4 million tons per year in China, 21 million tons per 
year in Japan, and 90 million tons per year in the European Union (Girotto et al., 2015). Developing and 
developed nations have different issues driving food loss; in the developed world, 40% of waste is 
generated at the retail and consumer stages whereas developing nations lose 40% of food in post-harvest 
(Girotto et al., 2015). For developing nations, some of the causes for food loss include improper storage, 
handling, and refrigeration, whereas developed nations face losses due to overconsumption and high 
expectations of quality (Lipinski et al., 2013). The disparity in food loss by product stage between 
developed and developing nations is represented below, in Figure 2.1 (Lipinski et al., 2013). North 
America and Oceania have similar waste generation characteristics to both Industrialized Asia and 
Europe. The main difference with Industrialized Asia is that the second largest waste source comes from 
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handling and storage and North America and Oceania has the highest consumption losses at 61% 
(Lipinski et al., 2013).   
 
	
Figure 2.1 - Global food waste by region and supply chain stage 
(Reproduction of figure by Lipinski et al., 2013) 
	
The implications of waste occurring at later stages in the food chain for developed nations are that 
recovery options for the losses become more limited and costly. Steinfeld et al. (2006) noted “Food waste 
from marketing and retailing are much less recycled as feed… because their content and quality vary 
greatly and their geographical spread increases collection costs. The safety of food wastes is also 
questionable.” Packaging, volume, quality, and consistency play roles in the ability to recover foods for 
certain types of recycling. Griffin et al. (2009) quantified recovery by each stage of the food chain using 
data from a roughly 100,000-person community in Upstate New York. The waste data included both 
edible and inedible components of food. As shown in Table 2.1, recovery was significantly higher at the 
production and processing stages than at the distribution or consumption levels. According to the authors’ 
study, all of the food waste at the production stage was assumed to have gone to composting and 










* includes edible and inedible portions 
Stage Generation Recovery Recovery % 
% Generation of 
Total 
Production/ Agricultural 
Waste 4,108,287 3,911,274 95.2% 20.13% 
Processing Food Waste 




3,750,340 679,360 18.1% 18.38% 
Consumption (households 
and institutions) 12,292,845 893,400 7.3% 60.23% 
Total 20,409,887 5,713,695 28.0% 100.00% 
Table 2.1 - Community Food Waste Audit  
(Reproduction of table by Griffin et al., 2009) 
	
The food waste generated at each stage varies by food type as well. Lipinski et al. (2013) presented the 
global loss by weight and kilocalorie (kcal) for the major food groups; see Figure 2.2. By weight the 
largest loss, by almost double, comes from fruits and vegetables; by kcal, cereal losses represent over half 
of all of the waste around the world. Product specific losses for cereals, fruits and vegetables, and roots 
and tubers, by country region and supply chain stage s described by Gustavsson et al. (2011). For the 
most part, Europe and North America and Oceania align on loss rates for each of the food categories. For 
cereals, the majority of food waste comes from the consumption stage whereas with fruits, vegetables, 
roots, and tubers the biggest losses happen during the agricultural stage. 
 





The economic impact of global food loss was estimated in 2007 to be roughly $750 billion 
(Papargyropoulou et al., 2014). The FAO, in “Food Wastage Footprint Full-cost Accounting” (2014), 
calculated the cost to be close to $2.6 trillion. In the FAO’s analysis, the authors included losses such as 
value of lost subsidies, water scarcity, and health damages. The largest contributing factors were: value of 
products lost and wasted at $936 billion, risk of conflict at $396 billion, livelihood loss at $333 billion, 
and greenhouse gas emissions at $305 billion; a full list of the costs included by the FAO are shown in 
Table 2.2.  
Type Cost Category Cost (billion USD, 2012) 
Economic Value of products lost and wasted 936 
Social Risk of conflict 396 
Social Livelihood loss 333 
Environmental GHG emissions 305 
Environmental Water scarcity 164 
Social Health damages (well-being loss) 145 
Economic Subsidies  119 
Environmental GHG from deforestation 72 
Environmental Erosion (water) 35 
Environmental Erosion (wind, very uncertain) 35 
Environmental GHG from managed organic soils 17 
Environmental Pollution impacts of P eutrophication 17 
Environmental Pollinator losses 15 
Environmental Fisheries overexploitation 10 
Environmental Water use (irrigation water) 8 
Social Acute health effects of pesticides 8 
Environmental Pesticides in sources of drinking water 3 
Environmental Pollution impacts of N eutrophication 3 
Environmental Land occupation (deforestation) 3 
Environmental Biodiversity impacts of nitrate eutrophication 3 
Environmental Biodiversity impacts of phosphorus eutrophication 3 
Environmental Ammonia emissions 1 
Environmental Nitrate in sources of drinking water 1 
Environmental Biodiversity impacts of pesticide use 1 
Sub-total Environmental 696 
Sub-total Social 882 
Sub-total Economic 1055 
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Total Costs 2625 
Table 2.2 - FAO food waste footprint costs  
(Reproduction of table by Food Wastage Footprint Full-cost Accounting, 2014) 
 
In the United States alone, the cost of food loss has been reported to be between $165 billion and $198 
billion and accounts for roughly 13 million metric tons per year of CO2 eq. greenhouse gas emissions 
(Venkat, 2012; Papargyropoulou et al., 2014; Bond et al., 2013). From an environmental point of view, 
food waste generates emissions at each stage of the supply chain where material is lost: from the 
resources used to produce the food as well as the methane gas released as it decomposes in a landfill. One 
ton of food waste equates to six tons of CO2eq when decomposed in a landfill and most of the degradation 
occurs before 100 days (Beyond Waste, 2010). According to the EPA Waste Reduction Model (WARM), 
the net landfill emissions for food waste is 0.78 metric tons CO2 eq. per metric ton of food waste.4 
Additionally, Cuéllar and Webber (2010) estimated the embodied energy of wasted food in the United 
States based on energy invested to produce the lost resource. In 2007, they estimated the embodied energy 
to be 2030 ± 160 trillion BTU, equivalent to 550,000 to 650,000 GWh, sufficient to power between 50 
and 60 million homes for one year (Cuéllar and Webber, 2010). A 2005 report by the FAO quantified the 
relative global greenhouse gas impact of food waste as compared to what nations emit on a yearly basis. 
Food wastage, with just over 3 Gtonnes CO2 eq., produces more than eight of the top ten GHG emitting 
countries, after China and the United States, both of which are around 7 Gtonnes CO2 eq. (Global 
Initiative, 2014).  The next largest emitters are the Russian Federation and India at roughly 2 Gtonnes 
CO2 eq. a piece (Global Initiative, 2014). 
 
Many nations are attempting to mitigate food waste and its damages through various programs and 
regulations. As will be explained in detail in Chapter 3, recovery methodology and success rate vary 
significantly by country. For example, in 2006 Korea recycled 94.6% of its food waste (Kim et al., 2011), 
whereas as of 2010, the United States only reported recovering 2.8% of its 34.8 million tons of food waste 
(Solid Waste, 2011). It is important to note that how countries define food waste also impacts the 
resulting recovery rate figures. As stated before, while the United States includes only edible food waste 
in its calculation, many of this country’s counterparts include both edible and inedible waste.  
 
Chapter 3 also includes an analysis of several leading countries and their strategies for food waste 
mitigation; this review is then applied in Chapter 4 to provide guidance for opportunities in New York 
																																								 																				




State. While strategies for encouraging, enforcing, and engaging stakeholders in food waste recovery 
differ by nation, many agree in the general management hierarchy. Table 2.3 shows the food waste 
hierarchies for select European countries and the United States (Eriksson et al., 2015).  The Korean waste 
management hierarchy, beyond just food waste, is shown below in Table 2.3; the section of reduction 
includes reuse of materials including animal feed (Seo, 2013). Interestingly, the Korean strategy 
incorporates several different landfill scenarios. The only listed country that has a differing set of 
priorities is Japan. As discussed in Chapter 3, the country has given top diversion priority to fertilizer and 
animal feed due to targets to reduce national dependence on foreign imports.  
  
Table 2.3 - Food waste diversion hierarchies from select countries 
 
2.3  Food Waste to Animal Feed Processing 
 
Globally, the demand for livestock products, i.e. dairy, eggs, and meat, is increasing. According to 
Coughenour and Makkar (2012), this increase in consumption is related to income. In places with 
significant economic growth, such as Brazil, China, and India, meat production is also rising quickly 
(Steinfeld et al., 2006). The demand for both meat and milk are expected to nearly double by 2050 using 
data from 1999 to 2001 as a baseline, resulting in increases of 229 million tons to 465 million tons and 
580 million tons to 1043 million tons, respectively (McMichael et al., 2007). According to Steinfeld et al. 
(2006), while industrialized nations and Sub-Saharan Africa are expected to experience moderate 
increases, the rest of the areas identified, transitioning countries, Latin America and the Caribbean, East 
Asia, Near East and North Africa, and South Asia, show more significant increases between 2006 and 
2050 (Steinfeld et al., 2006). 
 
Currently, much of the global feed produced comes from cereals or grains. This began in the United 
States in the 1940s when corn was introduced to livestock diets in larger portions than previously. Around 
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this time, researchers demonstrated that concentrated feeds, such as corn, were a cost effective means, 
over grass fed, to mature livestock in less time (Corah, 2008). According to Capper and Bauman (2013), 
“Over the past century, the US dairy industry has shifted from extensive production systems based 
entirely on forage to intensive systems with diets still founded on forage but formulated with feed 
components to optimize rumen fermentation and meet the dairy cow’s nutrient requirements.”  
 
Despite the increases in efficiency from concentrated feeds, a reliance on specialty blends of these 
ingredients can leave the livestock industry vulnerable to the fluctuations of commodity feed pricing. 
Historically, cereal or grain prices were on a steady decline, which was one of the reasons that made them 
so attractive around the world (Steinfeld et al., 2006). For example, in Japan, the use of food waste and 
food by-products as feed was declining recently due to how inexpensive concentrated feed had become.5 
Currently, however, feed pricing has been more volatile, which represents a significant risk for farmers; 
for example, between roughly 2007 and 2009, soybean prices climbed from around $150 per metric ton to 
over $250 per metric ton and back down again to $150  (Gardebroek et al., 2014). In the European Union, 
in 2012, animal feed was close to 50% the cost of pig production and roughly 15% for cattle (FEFAC 
Congress, 2013).  
 
Practices related to concentrated-feed based farming has significantly increased the environmental impact 
of animal production (Steinfeld et al., 2006). Feed manufacturing accounts for close to half of the GHGs 
of animal production for milk and beef industry (Sonesson et al. 2009). Blonk and Ponsioen (2009) 
documented the main sources of GHG emissions from animal feed including: crop growing, feed 
processing, and transportation. The largest contributor on the list is from the growing of the feed crops; 
fertilizers and other agricultural sources of nitrous oxide emissions contribute 298 times more GHG 
emissions than CO2. 
 
Conventional animal feed processing, as discussed above, has a few inherent challenges, i.e. volatile crop 
pricing and GHG emissions from fertilizer use. However, these benefits are not necessarily the main 
driver for diverting food waste to feeding animals. The primary focus should be on keeping food waste 
out of landfills and utilizing it as a resource. Animal feed is one of many value-added outlets, along with 
feeding people, composting, anaerobic digestion, and thermochemical conversion, that should be 
evaluated on a case-by-case basis depending on the characteristics of a given food waste stream. 
																																								 																				





Food waste diversion and feeding animals are two processes that historically have been paired together, 
providing a more effective outlet for food waste, garbage, and food by-products as input to animal feed 
production. This pairing is also positioned highly on most food waste recovery hierarchies across the 
globe. However, current data does not suggest that a significant amount of food waste is being recovered 
and diverted to feed. As will be discussed in subsequent Chapters, most feed diversion is from the by-
products of food production, not from waste. Feed safety laws and disease incidences have also 
discouraged the continual growth in this area. However, there is current interest in increasing food waste 
diversion to animal feed by multiple government agencies, including the European Union and the New 
York State Department of Environmental Conservation (DEC). In a recent report by the DEC, they 
outlined their efforts to “Maximize the diversion of food scraps to feed animals,” (Beyond Waste, 2010). 
With only 2.8% of food waste being recovered in the United States, there is a significant opportunity to 
increase food waste diversion towards the DEC’s goal (Solid Waste, 2011). 
 
If this is a food waste diversion option the State is promoting, it is important to understand the 
environmental impacts associated with that option, but there is not sufficient data in literature to conduct a 
comprehensive analysis. As stated above, most life cycle assessments compare anaerobic digestion and 
composting to landfilling. The remainder of this thesis is intended to report additional research that 
enables better comparison of all diversion pathways, including animal feed. Additionally, this thesis 
provides insight into the opportunities within New York State for food scraps to be recovered for animal 
feed.  
 
For the remainder of this document, the phrases “feeding animals food waste” or “food waste diversion to 
animal feed” will generally be identified under the acronym FFP or feed from food products. As will be 
discussed later, several countries have deviated from using the phrase feed from food waste due to the 
negative connotation, and some cases legal stipulations, associated with the term “waste”. There are some 
countries where waste is being diverted to feed, such as Korea, which recycles some of its municipal solid 
waste as feed. For those instances, the term waste is included in the phrasing to describe food products 




2.4 Utilization of Food Waste as Animal Feed 
2.4.1 Brief History 
 
There has been a long history of feeding food products to livestock both in the United States as well as 
around the world. According to Westendorf (2000), “Garbage and food waste have been used as livestock 
feed for centuries.” In the recent past, however, several health outbreaks have led to regulatory changes 
and market shrinkage. The major health concerns from feed contamination with swine include foot-and-
mouth disease (FMD), African swine fever (ASF), hog cholera, and vesicular exanthema of swine (VES); 
these diseases are spread from swine consumption of “partially-cooked infected tissues” (Westendorf, 
2000). In recent history within the United States, there have been nine cases of FMD between 1870 and 
1930; across the outbreaks, 300,000 swine, cattle, goats, and sheep were slaughtered to stop the spread of 
disease (Westendorf, 2000). A case of VES occurred in California between 1935 and 1944 in which 
430,000 swine were slaughtered (Westendorf, 2000). The most recent incidences of hog cholera have 
been more recent then some of the aforementioned diseases. The United States was not free of the disease 
until 1978 (Westendorf, 2000).  
 
Shortly after the last of the hog cholera cases, the federal government signed the Swine Health Protection 
Act of 1980 (SHPA). This law made it illegal to feed swine untreated garbage; treated garbage must be 
heated to 212 °F for 30 minutes (Swine Health Protection Act, 1980). Despite the intention of this 
regulation to increase feed safety, many states outlaw feeding garbage to swine, treated or untreated, 
including New York State.6 Even after the Swine Health Protection Act of 1980, states that allow garbage 
feeding are still doing so in high numbers, as of a report from 1995, 90.6% of swine feed in Texas, 92.0% 
in Florida, and 81.5% in Hawaii came from plate waste (Westendorf, 2000).  
 
The more recent disease outbreak impacting global regulation for animal feed was Bovine Spongiform 
Encephalopathy (BSE), also known as “mad cow disease,” which had the first reported cases in the UK in 
1986 (Jin et al., 2004). According to Sugiura et al. (2009a), cattle contract BSE from consuming 
contaminated meat-and-meal bone. What makes containment an issue for BSE is that it could be up to 
four to six years before the cattle show signs of the fatal infection. From the initial incident all the way to 
the year 2000, the disease had spread to over 180,000 cases across many countries including Ireland, 
																																								 																				




Portugal, France, and Switzerland (Jin et al., 2004). As of 2000, the UK had slaughtered roughly 4.4 
million cattle as a safety measure and had spent roughly $7.4 billion (Brown, 2000). According to Jin et 
al. (2004), the UK announced in 1996 that human consumption of contaminated meat may be tied to the 
contraction of Creutzfeldt-Jacob disease (vCJD) (Jin et al., 2004). As of 2011, there have been 176 cases 
of vCJD, all resulting in death (Andrews, 2012). Additionally, the United States introduced a Mammalian 
Protein-Ruminant Feed Ban in 1997; Canada introduced a similar measure in the same year (Jin et al., 
2004). Despite the introduction of safety measures around the world, there are still a few reported cases of 
BSE each year, even as recent as 2015; Canada, Norway, and Slovenia each self-reported one infection.7 
The United Kingdom reported two cases in 2015.8 
 
2.4.2 Animal Feeds Explained 
 
Kellems and Church (2002) identified eight ways to provide nutrition to livestock: dry roughages, pasture 
and range grasses, ensiled roughages, high energy concentrates, protein sources, minerals, vitamins and 
additives. According to Westendorf (2000), food waste falls under the additives category. A feed is 
considered high moisture if the moisture content is greater than 20% (Westendorf, 2000). Feeding animals 
wet feed, has the advantage of requiring minimal preparation before feeding. The application, however, is 
somewhat limited because the shelf life is short, one to two days without refrigeration. Moreover, such 
material has a lower consumption rate at over 40% moisture, and is more expensive to transport than dry 
feed (Westendorf, 2000). For example, in a food waste recovery analysis performed in Korea by Kim and 
Kim (2010), they assumed that the wet food waste generated, which was 70% to 80% moisture, was fed 
to animals at the same location as where it was generated because it is rarely transported any distance.  
 
For this thesis, the primary focus will be on dried food products that are transformed into an animal feed 
at FFP processing plants. The process begins with material recovered from the food product generator and 
delivered to an FFP processor where it is shredded and dried. From there, the feed can either be sent 
directly to a farmer or to a feed mill where it is blended into a larger mix of ingredients. For this analysis, 
it is assumed that all feed processed from food products is sent to a mill to be mixed according to a 
																																								 																				
7 World Organization for Animal Health, Number of Reported Cases Worldwide (excluding the United Kingdom): 
OIE - World Organisation for Animal Health, http://www.oie.int/animal-health-in-the-world/bse-specific-
data/number-of-reported-cases-worldwide-excluding-the-united-kingdom/ 
8 World Organization for Animal Health, Number of Cases of Bovine Spongiform Encephalopathy (BSE) Reported 




predetermined recipe. Larger farms use commodity ingredients that are mixed to a custom blend.9 
Additionally, based on direct input from a FFP provider, product is primarily sold to feed mills and added 
into a mix of ingredients.10 When FFP is in this dry form, it can be purchased and substituted for 
concentrated feeds such as corn and soybean meal.  
 
The basic animal feed processing steps are illustrated below in Figure 2.3 – 2.5. The two systems being 
compared in this thesis are shown in Figure 2.3 and Figure 2.5. Figure 2.3 documents the incumbent 
method for feeding livestock: growing and processing crops specifically for animal consumption. As 
discussed above, this process generates GHG emissions from fertilizer use during agricultural production. 
After crops are grown, they are transported to a series of facilities where they are processed (i.e. milled, 
dried, and mixed to a recipe) then delivered to farms. Figure 2.4 shows the simplified version of feeding 
wet food products to animals; the key point is that the food goes through minimal processing before being 
fed to animals. Figure 2.5 documents the process most relevant to this thesis wherein food products are 
collected from various sources, delivered to a processor where it is milled and dried, then sent to a second 
milling factory where the feed is incorporated into a larger recipe with other ingredients and finally 
delivered to farms. Other feed ingredients mixed in more than likely come from the traditional animal 
feed processing shown in Figure 2.3. FFP is not produced at a scale large enough to completely substitute 
existing practices. 
 
Figure 2.3 - Traditional Feed Manufacturing from Dedicated Agriculture Production 
																																								 																				
9 Ishler, Tyson, Tozer, Penn State Extension, Use of Commodity Ingredients for Dairy Cattle, 
http://extension.psu.edu/animals/dairy/nutrition/nutrition-and-feeding/ration-ingredients/use-of-commodity-
ingredients-for-dairy-cattle-1  




Figure 2.4 - Food Products Delivered Directly to Farms as a Wet Feed 
 
 
Figure 2.5 - Food Product Processing into Dry Feed Substitute then Delivered to Farms 
 
Some of the most highly utilized by-products for animal feed are described below.  
 
● Distillers Grains: During ethanol production, 70% by weight of the corn kernel is converted into 
ethanol and CO2, and the remaining 30% is called distillers grains and solubles; one or both of 




● Wheat Middlings: This product includes many of the wheat components leftover from the milling 
process to make flour including: bran, germ, and shorts.11 
 
● Bakery Waste, Bakery Meal, or Bakery By-products: This food waste product is a 
conglomeration of many different food inputs classified under bakery goods. Ingredients can 
include: bread, crackers, candy, and cookies, etc. (Harris and Staples, 1991). Due to the fact that 
the ingredients vary from batch to batch, so does the nutrition content of the composite feed, as 
shown in the tables below. 
 
● Beet Pulp: This feed ingredient is the by-product of sugar production from sugar beets. According 
to Harris and Staples (1991), beet pulp has roughly 85% the energy value of corn. 
 
According to Ferguson (n.d.), 26% of the total feed produced in the United States in 2012 came from by-
products including oilseed meals, animal proteins, and mill products. The remaining 74% was made up of 
concentrated feeds, predominately corn. The totals are shown in Table 2.4 below. A recent report by Beef 
Magazine contains average nutritional information, e.g. energy, protein, and fiber content, for various by-
product or food product based feeds that have been quantified in industry. The listing includes materials 
such as beet pulp, dried bakery product, brewers grains, and tomato pomace, among many others.12 
	  
																																								 																				
11 Archer Daniels Midland (ADM), Feed Ingredients Catalog, http://www.adm.com/en-
US/products/Documents/ADM-Feed-Ingredients-Catalog.pdf 





Category Type Amount (Short Tons) % Total Feed 
Oilseed Meals 
Soy Bean Meal 30,300,000 16.16% 
Cottonseed Meal 2,525,000 1.35% 
Linseed Meal 197,000 0.11% 
Peanut Meal 95,000 0.05% 
Sunflower Meal 360,000 0.19% 
Animal Products 
Tankage and Meat Meal 2,350,000 1.25% 
Fish Meal 200,000 0.11% 
Dried Milk 250,000 0.13% 
Mill Products 
Wheat Mill Feeds 6,400,000 3.41% 
Gluten Feeds and Meal 5,075,000 2.71% 
Rice Mill Feeds 575,000 0.31% 
Total By-Products 48,327,000 25.77% 
Cereals 
Corn 128,800,000 68.68% 
Sorghum 1,500,000 0.80% 
Oats and Barley 2,900,000 1.55% 
Wheat 5,900,000 3.15% 
Rye 100,000 0.05% 
Total Feed 187,527,000 100.00% 
Table 2.4- Total Feed Produced in the United States  
(Reproduction of table by Ferguson, n.d.) 
 
There is extensive literature incorporating the feeds described above along with many others described as 
“unusual feedstuffs” by various authors.13 Several have researched the use of distillers grains in livestock 
diets (e.g., Firkins et al. (1985); Anderson et al. (2006)). The use of distiller’s grains in livestock feed has 
grown rapidly due to the market expansion of ethanol in the United States. According to Wisner (2010), 
distillers grains production in the United States has grown from roughly zero in 1980, to about five 
million metric tons in 2000 and close 40 million metric tons by 2010. Froetschel et al. (2014) reviewed 
feeding livestock ensiled grocery food products in Atlanta, Georgia that included waste bakery items, 
fruits, and vegetables. Angulo et al. (2012), in Columbia, researched the use of fruit and vegetable 
products as feed and Bampidis and Robinson (2006), in the United States, tested the use of citrus by-
																																								 																				
13 Bath, Dunbar, King, Berry, and Olbrich, University of Florida, Byproducts and Unusual Feeds-Feedstuffs 1995 
Reference Issue, 1995, http://cnrit.tamu.edu/ganlab/filecabinet/15 
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products in livestock diets. Several authors have conducted reviews of various by-products incorporated 
in animal feeds such as almond hulls, beet pulp, citrus pulp, bakery waste, and brewers grains, including 
Grasser et al. (1995), Arosemena et al., 1995), and Fadel (1999). Given the extensive research presented, 
the limiting factors for increasing FFP is not the nutrition content. While there are certain foodstuffs that 
are inadequate feed supplements due to low nutrient density, there are ample ingredients that have been 
proven to meet livestock needs. More attention should be put on the other relevant variables such as 
lowering costs, improving efficiency, and educating stakeholders on this pathway. 
 
2.4.3 Food Waste to Feed Growth 
Despite recent health outbreaks caused by improper handling of some unusual feeds, a few nations are 
actively promoting increased use of FFP. One reason is that countries such as Japan and Korea want to 
decrease their dependence on imported feed for their livestock. According to Ha et al. (1996), before 
1996, Korea was importing roughly 15 million metric tons of animal feed from South East Asia and the 
United States. One of the purposes of their study was to evaluate the incorporation of food by-products 
into feed to lower the rate of imports. In Japan, Sugiura et al. (2009b) highlighted the importance of their 
feed independence. As of 2007, roughly 75% of their total digestive nutrition for feeds was imported, as 
shown in Figure 2.6 (Sugiura et al., 2009b). Forages included hay, ensiled grass, corn, rice, and rice straw. 
The compound feed ingredients included grains such as corn, rice, sorghum, rice bran, soybean oil 





Figure 2.6 - Japan 2007 Animal Feed Sourcing in Total Digestive Nutrition 
(Reproduction of a figure by Sugiura et al., 2009b) 
	
Although the diversion of food waste to feed still has a lot of room to grow, there is already significant 
research and industry around incorporating co- and by-product foods into livestock feed. According to a 
food waste survey conducted in 2013 (BSR, 2014), 81% of all food products and by-products generated 
by U.S. food processors were diverted to animal feed. The amount diverted to animal feed decreased 
drastically at each new stage in the supply chain. This study included both edible and inedible food 
products, e.g. vegetable peelings, and not just what the EPA defines as waste. Results from the survey are 
























Manufacturing 15 7.1 1.5% 93.4% 81.1% 1.87% 2.62% 
Retail and 
Wholesale 10 1.4 13.2% 29.2% 7.65% 7.18% 5.43% 
Restaurants UNK* 2.1 1.40% 14.3% 0.01% 2.77% 0% 
Table 2.5 - Edible/Inedible food waste recovery survey results by supply chain stage and recovery method  






































There is ample opportunity to utilize the food products that are no longer suitable for human consumption 
and divert those to animal feed as well. Based on available research, the best opportunities for recovery 
are from large volume generators producing materials that already have low moisture content. Sugiura et 
al. (2009b) explained the main hurdles for a particular food waste stream to be fed to animals as high 
moisture content, short shelf life, variation in availability, and inconsistent nutrition levels. Westendorf 
(2000) had earlier reached the same conclusion:  
   
“Variability in the dry matter, protein, fat, energy, and fiber content of food 
waste can limit its incorporation as a feed additive into livestock and companion 
animal feeds. Processing (grinding, drying, blending, etc.) of food waste 
improves marketability… To ensure economical processing costs, economy of 
scale becomes increasingly important. The greater the volume of product 
processed daily through one manufacturing plant, the more competitively priced 
food waste becomes as a feed additive.” 
 
Large volume generation ensures a more consistent and reliable product resource worth developing into 
animal feed. Figures from the United Kingdom also indicate that low moisture feed inputs are what are 
primarily recovered for animal feed; a recent study of former foodstuff sources within the UK is shown 
below in Table 2.6; the list includes mostly cereals, breads, and crackers (Bouxin, 2012). Additionally, a 
few references in the environmental literature focused on FFP primarily utilizing bread as a feedstock. 
Takata et al. (2012) researched a feed mixture that was composed of 80% bread. Vandermeersch et al. 
(2014) also studied the diversion of bread waste to animal feed. After articulating the results of their 
analysis, the authors note that the outcomes achieved may not be representative of all food products due 




Source Amount (metric tons) 
Bread and Bakeries 177,000 
Cake 30,000 
Breakfast Cereal 21,000 
Biscuit/Cracker Bread 23,000 
Crisps/Snacks 14,000 
Dough 3,500 
Flour/Bread Crumbs 10,000 
Chocolate/Confectionary 18,500 
Dairy Products 8,000 
Uncharacterized 150,000 
Table 2.6 - UK former foodstuffs by source  
(Reproduction of table by Bouxin, 2012) 
 
Drier food products that are generated in higher volumes are a top priority for recovery. The fact that low 
moisture ingredients are valuable FFP is important for New York State food manufacturers. In Chapter 4 
(Current Food Waste Management Practices in New York State), it is revealed that bakeries and tortilla 
manufacturing (NAICS code 3118), which generate such high value-low moisture food products, account 
for over 65% of all food processing establishments in the state (Bureau of Labor, 2014). 
 
The objective of Chapter 2 was to define the relationship between food waste and animal feed. It included 
the challenges associated with landfilling food waste, the history of feeding animals with food waste and 
garbage feeding, and why there should be a focus on increasing this diversion method. As described 
above, the best practices for FFP processing, from both policy and technological standpoints are not well 
documented. Chapter 3 provides insight into these best practices from around the world, including 
Europe, Korea, and Japan. Lessons learned from this assessment can therefore be directly applied to 
increasing diversion of food waste to animal feed in New York State, as described in Chapter 7.   
 
3 State of the Food Waste to Animal Feed Industry 
3.1  Introduction 
The purpose of this chapter is to understand current practices and policies that affect the feed from food 
products (FFP) industry. As discussed above, the term “food products” is used in place of food waste to 
describe edible foods which are lost from the human food supply chain. Inedible food waste, also known 
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as by- or co-products, include items such as potato peelings or vegetable seeds; by definition these food 
losses are not considered food waste. While lost food products and food waste can be used 
interchangeably in this context, one of the intentions of this thesis is to deliberately remove the term waste 
from the discussion about animal feed. As will be covered below, several countries have already done 
this; coming up with their own FFP-like names such as Ecofeed and former foodstuffs.  
 
This section will document some of the domestic and international facilities that are transforming wet 
food products into dry animal feed. There are a variety of processing methods and raw material inputs 
being turned into feed all over the world. The policy review will shed light onto what some nations are 
doing to divert food products (in general and specific to animal feed) as well as what animal feed 
regulations are in place to prohibit contamination and the spread of disease. As discussed in the Brief 
History (Section 2.5.1), many of today’s animal feed laws were put into place in response to several 
disease outbreaks. The animal feed restrictions are critical to understand because they determine the 
amount and types of food waste that can be sent to this recovery method. For example, in Japan, diversion 
rates to animal feed are significantly higher than they are in Europe because there are less stringent 
regulations on sourcing. Instead of restricting inputs, Japan requires all food materials to be tested before 
they can be transformed into feed (Takata et al., 2012). On the contrary, in Europe, in order to maintain 
high levels of food safety, the types of food material eligible for animal feed are highly regulated. New 
York State animal feed policies (as well as those throughout most of the United States) are much more 
closely aligned with Europe, so it is important to consider this when determining a path forward for the 
State.  
 
A few of the global leaders in FFP are described at length in the following sections. There may be others 
doing similar work but these countries are generally at the forefront of activity, and offer unique insights 
into strategies for both food waste recovery and diversion to animal feed. Following these sections is a 
summary table outlining all of the relevant policies for both topic areas. In addition to the policy analysis 
there is a review of several business leaders around the world that are transforming food products into 
feed. 
 
3.2  Japan Strategy 
According to Bagherzadeh et al. (2014), most nations have policies on food waste or food product 
recovery as a subset of larger waste reduction strategies. Examples given include Finland’s Waste Act, 
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Korea’s Waste Control Act, and New Zealand’s Waste Minimization Act. Japan, on the other hand, has a 
specific policy created for food waste management; it is called the Food Waste Recycling Law, but is 
officially known as the Law for the Promotion of Recycling and Related Activities for the Treatment of 
Cyclical Food Resources. The law was originally put into place in 2001 and revised in 2007. This law is 
very comprehensive; it incorporates recycling volume targets as well as reporting requirements for 
various generators across the supply chain, it documents the government’s role to oversee, provide 
guidance, funding and public relations for recycling, and outlines the legal requirements for recycling 
businesses to operate.14  
 
The Food Recycling Law is a subset of a larger framework, which was instituted in 1991 called the Act 
on the Promotion of Effective Utilization of Resources. This waste strategy was the second policy attempt 
to reduce and better handle waste around the country. The first attempt was called the Waste Management 
Act of 1970. The act was put into place as Japan was going through significant economic growth that 
resulted in increased waste generation (Waste Management in Japan, 2014). The country was running out 
of landfill space and, just as was the case in Korea, communities did not want new landfills built near 
them (Waste Management in Japan, 2014). Unfortunately, this initial framework incentivized the wrong 
behavior, which led to illegal dumping by waste management businesses. Under the law, waste producers 
became responsible for handling their own waste. According to Waste Management in Japan (2014), 
companies generally subcontracted this activity to the lowest bidding waste management facility. Those 
facilities which often won the bid undercut competition by not properly disposing of the waste and 
recouping most of the profit. By 1991, public trust in waste management was lost and Japan incurred 
significant cost in environmental damages caused by the illegal dumping (Waste Management in Japan, 
2014). The Act on the Promotion of Effective Utilization of Resources attempted to curb this behavior 
and restructure how waste is managed by striving for a materials cycling society. The Food Recycling 
Law is one of several focus areas under the larger framework including: containers and packaging, home 
appliances, construction, automobiles, and small home appliances. For all of these target areas the 
government is responsible for supporting materials cycling through education and technology support as 
well as funding. One example is for grants-in-aid for businesses and municipalities to reduce the entry 
cost into waste recycling (Waste Management in Japan, 2014).  
 
																																								 																				
14 Global Environment Centre Foundation, Law for Promotion to Recover and Utilize Recyclable Food Resources 
(Food Recycling Law), 2011, http://nett21.gec.jp/Ecotowns/data/et_c-08.html 
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Under the Food Recycling Law starting in 2008, food manufacturers, food retailers, food wholesalers, and 
catering and restaurants were required to adhere to recycling rates by sector, 85%, 45%, 70%, and 40% 
respectively.14 To achieve these targets, each individual generator has required recycling rates, which 
increase each year. If a business’s recycling rate is between 20% and 50% they must increase their 
recovery rate by 2% each year. Between 50% and 80% the rate is cut in half to 1%, and above 80% food 
waste generators are only required to maintain but can improve as desired. In the case where businesses 
recover less than 20% per year, their recovery requirement calculation uses a base of 20%. For example, 
if a generator’s recycling rate is 15%, for 2009, the year after this was put into law, this business would be 
required to recycle 20% plus 2% or 22% of their waste generated.14 In general, no matter the business 
size, or how much they currently recover, each firm is required to attempt to decrease their food waste 
even further. Additionally, the generators making more than 100 tons per year of waste have to report to 
the government their food waste data and recycling strategy once per year. 
 
Also under the Food Recycling Law, the government provides funding and recommendations to 
businesses or sectors, and has the right to mandate action with a company that is underperforming 
recycling levels.14 To be certified as an Ecofeed producer, the feed must include at least 20% food waste 
with 5% comprised of promoted or priority food products (Ermgassen et al., 2016). According to 
Ermgassen et al. (2016), ordinary food products include: distillery waste, beet pulp, rice bran, wheat bran, 
and domestically produced soybean dregs, whereas promoted food waste includes: plate scraps, noodle 
debris, bread crumbs, cooking waste, coffee waste, waste box lunches, squeezed fruit waste, dairy plant 
waste, and many others. Ermgassen et al. (2016) also state that the Ecofeed industry receives incentives 
through two different programs: $194 million for “Grant to Create a Strong Agricultural Industry,”, and 
$750,000 for “Urgent Plan to Increase Ecofeed Production.” Japan primarily encourages the production of 
FFP and fertilizer from food waste, “The [Food Recycling Law’s] guidelines state: ‘since it is the most 
effective way to utilize the nutrition or calorific value of the recycled food, besides contributing to 
[Japan’s] self-sufficiency ratio for feed, it is important to make processing feed [from food waste] a 
priority.”5 Animal feed made from food waste is certified and labeled as ‘Ecofeed;’ prior to this label, 
pigs fed food by-products or food waste were known as garbage-fed pork (Sugiura et al., 2009b; Sasaki et 
al., 2011). 
 
Figure 3.1, from Ermgassen et al. (2016) shows the combined recycling rates (animal feed, composting, 
and anaerobic digestion) over time across manufacturing, retail, and catering and food service. As shown 
in Table 3.1, the majority of waste recycled from the food processing and from the wholesalers and 
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retailers industries was recovered as fertilizer and animal feed. Of all of the recycled food waste, 72% 
went towards feed and 19% went towards manure.15 The fact that the top diversion methods are for feed 
and fertilizer are not surprising; as stated above, they are the primary recovery outlets promoted by Japan. 
As of 2006, 52.5% of food waste was diverted to animal feed (Ermgassen et al., 2016). To put the 
diversion rate of 52.5% into perspective, in 2006, Ecofeed made up roughly 4% of the animal feed 
market; the number is closer to 6% as of 2013 (Ermgassen et al., 2016).  
 
 
Figure 3.1 - Japan food waste recycling by year and source 
(Reproduction of figure by Ermgassen et al., 2016) 
																																								 																				
15 Ministry of Agriculture, Forestry and Fisheries (MAFF), The 89th Statistical Yearbook of Ministry of Agriculture, 




Table 3.1- Japan food waste recovery by industry in 2012 (in thousands of tons) 15 
As of 2007, according to Sugiura et al. (2009b) there were 171 registered FFP plants producing Ecofeed. 
The pie chart below, Figure 3.2, depicts the types of food products recovered by facility. For example, in 
2007 there were 55 facilities that processed food dregs or food residues from food processing plants. 





Figure 3.2- 2007 Japanese Ecofeed processing facilities, grouped by waste sources 
(Reproduction of figure by Sugiura et al., 2009b) 
	
According to Sugiura et al. (2009a), Japan has taken several recent measures to ensure feed safety and 
mitigate the risks of bovine spongiform encephalopathy. Multiple importation bans of meat-and-bone 
meal (MBM) from BSE infected states, i.e. the United Kingdom and subsequently all of the European 
Union, Switzerland, and Liechtenstein, were instituted unless the MBM was cooked at 133 °C, three bar 
pressure for 20 minutes (Sugiura et al., 2009a). Feed manufacturers were encouraged, but not enforced, to 
end MBM feeding to ruminants in 1996; this changed to a requirement in 2001 after the first BSE case 
was found (Sugiura et al., 2009a). Neither swine nor poultry have the same restrictions as ruminants; they 
can be fed meat from swine or poultry (Sugiura et al., 2009a).  
 
To ensure compliance, the Japanese Food and Agricultural Materials Inspection Centre performs audits at 
each part of the feed production supply chain (Sugiura et al., 2009a). Additionally, according to Takata et 
al. (2012), “Recycling food waste into animal feed is tightly restricted in Europe due to the infectious 
diseases of animals (Garcia et al., 2005). However, in Japan, the safety and quality of food waste are 
strictly tested before entering recycling facilities. Therefore, animal disease related to feed has not 
occurred.” It is legal to send food products to animal feed from manufacturing, retail, and catering or food 



















3.3 Korean Strategy 
According to Research Office (2013), Korea began to put effort into waste management in the 1990s due 
to vast economic growth; waste generation outpaced their ability to treat the waste. Food waste 
management strategies come from the Wastes Control Act of 1986 and the Act on Promotion of Saving 
and Recycling of Resources of 1992; both were amended in 2007 and 2008 respectively. The Food Waste 
Reduction Master Plan, established in 1996, required that commercial food waste generators recycle their 
food wastes, and households were responsible for separating their food wastes for collection. In 2005, 
food waste was banned from landfills and in 2010 Korea started to introduce volume-based Food Waste 
Fee Systems, which had been in place for general MSW for households and small businesses since the 
mid-1990s. To support these food waste recycling requirements, the Korean government has increased 
capacity at the public recycling facilities around the country by building both biogas and sewage 
treatment plants.  
 
South Korea’s recent recycling rates are reflective of the effort invested in diverting food waste from 
landfills. According to Kim et al. (2011), as of 2006, only one year after the landfill ban was enacted, 
94% of food waste was being recycled in some form, up almost 40% from five years earlier. The majority 
of waste was recovered for animal feed and composting, 45.2% and 44.9% respectively; this includes 
food waste from households (Kim et al., 2011). In Korea it is legal to divert plate and table wastes to 
animal feed. After animal feed and compost, the remaining 9.8% was recycled through multiple sources 
including anaerobic digestion and co-digestion with sewage sludge (Kim et al., 2011). The breakdown by 
Kim et al. (2011) of recent recovery outlets is shown in Table 3.2 below. The majority of meat consumed 
in Korea is pork; the country used to be the largest global importer of beef but that declined significantly 
after BSE outbreaks.16 To reduce the risk of animal borne diseases, the Korean government introduced 
livestock disease control measures in 2011 that included farm registration, increased training, and 
standard operating procedures for food-and-mouth disease.16 According to Ermgassen et al. (2016), feed 
produced from food wastes can only occur at registered facilities that heat-treat for sterilization.  
 
																																								 																				






Table 3.2 - Korean food waste recovery in tons per day in 2006 
(Reproduction of table by Kim et al., 2011) 
	
3.4  European Strategy 
Similar to many other nations and regions, food waste policy is a subset of a single or set of waste 
policies. Most recent regulations started with the Directive on the Landfill of Waste from 1999. The 
landfill regulation stated that recovery and recycling of materials should be performed where possible, 
however there was no specific mention of food or organic matter in this regulation. The Waste 
Framework Directive of 2008 was the basis for most modern regulations regarding waste within the EU. 
The Directive also included targets for reuse and recycling targets for residential municipal solid waste 
(MSW) i.e. plastic, paper, glass, metal, etc., to be 50% by 2020 (Directive 2008, 2008) It gave guidelines 
for the recovery and recycling hierarchy for all wastes as prevention, re-use, recycling, recovery, and 
disposal. The document also directed member states to create their own strategies for waste management.  
Bio-waste is specifically mentioned to be collected and handled separately in order to reduce greenhouse 
gas emissions.  
 
After 2008, strategic projects around food waste started to take shape. In 2011, the Roadmap to a 
Resource Efficient Europe identified food and food waste as key areas of concern. Since then, numerous 
research programs have been launched to reduce food waste, and increase diversion to various 
technologies, including animal feed. Some of those programs include: FUSIONS from 2012-2016, 
NOSHAN from 2012 to 2015, and REFRESH from 2015 to 2019. FUSIONS, which stands for Food Use 
for Social Innovation by Optimizing Waste Prevention Strategies, is meant to generate an agreed upon 
framework for food waste reduction and recovery. NOSHAN was specifically set up to look at how to 
produce low cost animal feed from food products. REFRESH is another food waste reduction project, 
which just started in July 2015. The results from NOSHAN, as of December 2015 have not been 
published. When the project’s outcomes are disseminated they will provide valuable insight into the FFP 




● “Create a broad portfolio of valorized wastes for feed production according to their potential 
nutritional properties, quantities produced, seasonality, possibility of stabilization, safety and 
regulatory issues, cost and logistics. 
● Characterize at a molecular level the different waste streams to provide the best technology for 
the best raw material to obtain the desired nutritional/functional properties. 
● Develop high-advanced technologies for conditioning, stabilizing seasonal wastes by 
physiochemical and biological strategies, extracting high-added value compounds and feed 
production 
● Integrate the developed technologies in an innovative low-cost and low energy tailor made 
procedure for valorizing food waste for production of safety and compound functional feed.”17 
 
The first two objectives target the important concept that not all food products are created equal. The 
output of these items help to overcome many of the barriers for FFP identified by Sugiura et al. (2009b).   
Beyond the key issue of nutrition value, this project will give insight into the costs and logistical concerns 
for FFP, which are two very real challenges. Additionally, depending on the moisture content and other 
factors, the technology required to prepare FFP may change. Having detail into the various options will 
help to lower the cost and improve efficiency of making feed from food products. The final two 
technological objectives build upon the first two by introducing recommendations for actual systems that 
can be employed to achieve the low cost, efficient production of feed.  
 
In 2015, the European Commission proposed to amend the 2008 directive; this new revision incorporated 
many more specifics on food waste management. Firstly, it clarified that, 
   
“Plant based substances from the agri-food industry and food of non-animal 
origin no longer intended for human consumption, which are destined to be used 
as feed are subject to Regulation (EC) No 767/200915 and are not regarded as 
waste for the purposes of that Regulation. Directive 2008/98/EC should therefore 
not apply to those products and substances when used for feed, and the scope of 
that Directive needs to be clarified accordingly.” (Proposal for a Directive, 2015) 
 
This language is significant because according to European law, food waste cannot be fed to animals.  
 
“Catering and household waste are foodstuff residues resulting from human 
consumption at catering facilities or people’s homes. The use of this food waste 
in animal feed for food producing animals, also known as swill feeding, is 
prohibited in the EU... In addition, the use of catering waste in animal feed can 
																																								 																				
17 NOSHAN, Project Objectives, http://www.noshan.eu/index.php/en/project/#project-objectives 
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impossibly comply with the General Food Law’s traceability requirements and 
would be in conflict with the EU ban on intra-species recycling.”18  
 
The terminology in the European Commission statement improves the confidence and standing of food 
by-products and former foodstuffs as animal feed. The proposal also stated that EU members should 
strive for food waste reduction across the entire food supply chain as well as work toward the target of 
reducing food waste by half by 2030 (Proposal for a Directive, 2015). Member States are to be required to 
report their food waste levels biannually. Additionally, the document recommends that best practices 
should be established and shared throughout the European Union. Also in 2015, the European 
Commission introduced “Closing the Loop - An EU Action Plan for the Circular Economy.” As a part of 
the 2030 target on food waste reduction, the Commission is committing to, “facilitate food donation and 
the use of former foodstuff and by-products from the food chain in feed production without 
compromising food and feed safety.”19 
 
Within Europe there also are nonprofit organizations encouraging diversion of food products to animal 
feed. One example is an organization called the Pig Idea, which is aiming to change European law to 
allow catering wastes to be fed to pigs. This practice was outlawed after an infection of Foot in Mouth 
Disease was discovered.20 According to the Pig Idea organization, this ban should be removed, 
“Pathogens such as Foot and Mouth Disease and Classical Swine Fever are effectively eliminated by heat 
treatment,” therefore, with the proper regulations in place Europe can safely send catering waste to pigs 
and chickens.20 Another organization, called the European Former Foodstuff Processors Association 
(EFFPA), acts as the main voice for the former foodstuffs to animal feed industry in Europe. There are 
sister organizations in several EU member states including Germany, The Netherlands, France, and the 
UK. Industrial companies participate in the non-profit either at the EU level or within their respective 
countries. Some examples of the industry members include the Promic Group from Spain, Trotec from 
Belgium, and Dalma Mangimi Spa from Italy. This organization plays an active role in legitimizing the 
diversion of former foodstuffs to animals by working closely with the European Feed Manufacturers’ 




18 European Former Foodstuff Processors Association, Reducing Food Waste, http://www.effpa.eu/reducing-food-
waste/ 
19 European Commission, EU Actions Against Food Waste, 
http://ec.europa.eu/food/safety/food_waste/eu_actions/index_en.htm 
20 The Pig Idea, The Solution, http://thepigidea.org/the-solution.html#facts 
36 
 
The non-profit also had some reinforcing feedback to the European Commission statement quoted above. 
According to the president of the EFFPA, Paul Featherstone,  
 
“A clear non-waste legal status for former foodstuffs is very much needed, as 
former foodstuff processors occasionally find their operations interrupted by 
environmental control authorities who incorrectly interpret former foodstuffs as a 
‘waste’. The circular economy package once and for all confirms our operations 
have nothing to do with waste processing or food waste recycling.”21 
 
 The comments by Featherstone as well as the statement by the European Commission are very important 
for the food to feed industry. This pathway sets Europe apart from the rest of the world in terms of 
separating food recovery for feed from waste recycling. The next few years will tell if the language 
clarification and the removal of the negative connotation of waste actually help the growth of the 
industry. As stated above, Japan recently changed the labeling on the pork fed food waste to Ecofeed pork 
rather than garbage-fed pork (Sasaki et al., 2011). 
 
Examples of former foodstuffs given by the EFFPA’s website include: biscuits, bread, pasta, savory 
snacks, chocolate bars, etc. that are not consumed due to errors in production, seasonal or event over 
production, expired product, and more. Additionally, livestock cannot be fed any gelatin that is of 
ruminant origin, which also limits scope of acceptable foodstuffs for feed.22 
 
According to Bouxin (2012), approximately 90 million tons of co-products from food and biofuels are 
utilized as animal feed each year. Additionally, 3 million tons of feed is former foodstuffs. The 
breakdown of EU Member State contribution to the 3 million total is shown below in Table 3.3. There are 
at least ten different countries in Europe with former foodstuff processors and four with more than ten 
processing facilities (Bouxin, 2012). 
 
																																								 																				
21 European Former Foodstuff Processors Association (EFFPA), EFFPA Welcomes Circular Economy Package, 
2015, http://www.effpa.eu/wp-content/uploads/2015/12/15_EFFPA_PR_2_EFFPA-Welcomes-Circular-Economy-
Communication.pdf 
22 Featherstone, Paul, European Former Foodstuff Processors Association (EFFPA), Keeping Food Losses in the 




Table 3.3 - European former foodstuffs processing by country 
(Reproduction of a table by Bouxin, 2012) 
	
In addition to diverting roughly 93 million tons of former foodstuffs and food by-products to animal feed, 
Europe also has a mature anaerobic digestion industry. According to Moriarty (2013), in 2006, 126 AD 
facilities that accepted food waste combined had a capacity of 4.6 million tons. Anaerobic digestion and 
other biofuels gained legislative momentum through the EU’s Renewable Energy Directive of 2009, 
which requires 20% of energy to be sourced by renewables by 2020 within the member states (Directive 
2009/28/EC, 2009). According to the document, “The use of agricultural material such as manure, slurry 
and other animal and organic waste for biogas production has, in view of the high greenhouse gas 
emission saving potential, significant environmental advantages in terms of heat and power production 
and its use as biofuel,” (Directive 2009/28/EC, 2009). 
 
3.5  United States Strategy 
The United States does not have a comprehensive policy for food waste management at the federal level. 
According to Sakai et al. (2011), municipal solid waste is handled by state and local agencies. However, 
the federal government has set forth a number of recovery and reduction targets and challenges as well as 
an overall waste reduction target as recently as the fall of 2015. The two main agencies involved in food 
waste activities are the Environmental Protection Agency (EPA) and the United States Department of 
Agriculture (USDA). The EPA’s food waste hierarchy, shown earlier in Figure 1.1, is repeated below in 
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Figure 3.3. This priority diversion strategy was published as early as Waste Not, Want Not: Feeding the 
Hungry and Reducing Solid Waste through Food Recovery in 1999 (Waste Not, 1999).   
 
  
Figure 3.3 - EPA's Food Recovery Hierarchy3 
In 2010, the Food Recovery Challenge was introduced by the EPA’s Sustainable Materials Management 
Program. As a part of the voluntary program, businesses and organizations must practice and promote 
sustainable food waste management practices as well as follow the food waste hierarchy.23 The benefits to 
participating include: free technical resources through webinars, databases, etc., free climate change 
report, and public recognition from the EPA.23 According to the EPA’s website, there were 800 
participating members during 2014, and just over 600,000 tons were diverted from landfills. Of the total, 
36% went to compost, 26% went to animal feed, 15% was donated, 14% was prevented, and 4% went to 
anaerobic digestion.24 The USDA and EPA started the U.S. Food Waste Challenge in 2013. This program 
is also volunteer-based for all members of the food supply chain. Unlike the previous challenge, the focus 
of the Food Waste Challenge is for businesses to generate a commitment for food waste reduction, 
																																								 																				
23 United States Environmental Protection Agency (EPA), Food Recovery Challenge, 
http://www.epa.gov/sustainable-management-food/food-recovery-challenge-frc 




recovery, or recycling. The EPA and USDA in return for the business’s commitments will share best 
practices.25  
 
According to Moriarty (2013), as of 2012, there were thirteen active anaerobic digesters in the United 
States that were either food waste based AD facilities or co-digesters with wastewater. The facilities 
identified are shown below in Table 3.4. This dataset, however, is limited and does not capture all active 
locations. For example, CH4 Biogas has two facilities which co-digest food waste with manure. Synergy 
Biogas is a co-digestion facility based in Wyoming, New York with an electricity production capacity of 
1.4 MW.26 Napoleon Biogas is located in Harrison Township, Ohio and has a capacity of 2.8 MWh of 
electricity from food processing and dairy farm waste.27 
 
 
Table 3.4 - Listing of food waste based anaerobic digestion facilities 
(Reproduction of table by Moriarty, 2013) 
	
According to Levis et al. (2010) there are 273 food waste based composting facilities in the United States 
including 57 handling more than 5000 metric tons of organic waste per year. The breakdown by region 
and size are shown below, in Table 3.5. This dataset or scope may be limited, however, according to the 
Organic Resource Locator (ORL), generated by the New York State Pollution Prevention Institute (P2I), 
																																								 																				
25 United States Department of Agriculture Office of the Chief Economist, Frequently Asked Questions, 
http://www.usda.gov/oce/foodwaste/faqs.htm 
26 Waste Management World, New York's Largest Farm & Food Waste Biogas Facility Opened, 2012, http://waste-
management-world.com/a/new-yorks-largest-farm-food-waste-biogas-facility-opened 
27 CH4 Biogas, Napoleon Biogas, http://ch4biogas.com/projects/napoleon-biogas/ 
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there are over 60 composting locations in New York alone which have food waste as a primary feedstock 
whereas Levis et al. (2010) only accounts for 51 sites in all of New England.28 
 
 
Table 3.5 - Food Waste based composting facilities in the United States 
 (Reproduction of table by Levis et al., 2010) 
	
Animal feed in the United States is regulated by a few different agencies. The Food and Drug 
Administration (FDA) enforces the Federal Food, Drug, and Cosmetic Act (FFDCA); all food products 
are covered by this act, which includes animal feed. The FFDCA determines food requirements, i.e. 
sanitation and labeling.29 Any new substance that will be included in animal feed must receive approval 
by the FFDCA before being added unless it is generally recognized as safe (GRAS).29 The USDA, 
through the Food Safety Inspection Service (FSIS) and the Animal and Plant Health Inspection Service 
(APHIS), oversees the animal product end, for both domestic production and imports (Lefferts et al., 
2006). The EPA also plays a role by controlling pesticide use as well as crops that are genetically 
modified (Lefferts et al., 2006). States have the ability to regulate beyond what has been mandated 
federally. For example, New York is one of 20 states that prohibit feeding garbage to swine. The other 
nineteen states include: Alabama, Delaware, Georgia, Idaho, Illinois, Indiana, Iowa, Kansas, Kentucky, 
Louisiana, Mississippi, Nebraska, North Dakota, Oregon, South Carolina, South Dakota, Tennessee, 
Virginia, and Wisconsin.30  
 
In addition to the relatively recent feed safety regulations described earlier in response to BSE, is the 
Food Safety Modernization Act (FSMA) of 2011 generated by the USDA. FSMA encompasses both 
																																								 																				
28 New York State Pollution Prevention Institute, Organic Resource Locator, 
https://www.rit.edu/affiliate/nysp2i/OrganicResourceLocator/ 
29 United States Food and Drug Administration, Product Regulation, 
http://www.fda.gov/AnimalVeterinary/Products/AnimalFoodFeeds/ucm050223.htm 




human and animal food produced domestically as well as internationally that are imported to the United 
States.31 Compliance for the animal feed portion will be integrated over time based on business size, 
starting in September of 2016.32 This law is, “the most sweeping reform of our food safety laws in more 
than 70 years.”31 The portion of the regulation specific to animal feed, called the Preventative Controls for 
Animal Feed, covers both businesses that divert their wastes to farms or feed mills as well as the facilities 
that process food waste into animal feed.32 There are several main components of a part of the law that 
will impact the FFP industry. Feed mills that are onsite and directly tied to one farm are not responsible 
for following all of the requirements identified below so long as all feed is utilized onsite. The relevant 
changes are identified below:  
 
● Current Good Manufacturing Practices (CGMPs) created for animal food processing. The 
standards are intended to be flexible to account for the variation in feed components and 
processing techniques. Businesses that already comply with the human based CGMPs do not have 
to also follow the animal food based CGMPs. 
 
● Applicable facilities are required to maintain a prevention based food safety plan. The document 
must include a hazard analysis, preventative controls, a recall plan, as well as an extensive 
oversight strategy, i.e. monitoring, verification, and corrective action.  
 
● The animal food based supply chains must be flexible and accountable during times of hazard 
recovery. All parties involved are responsible for ensuring what moves through facilities is safe 
and sourced by approved suppliers. 
 
The original FSMA regulation was revised in September 2014 after public feedback.33 The updates 




31 United States Food and Drug Administration, FDA Food Safety Modernization Act (FSMA), 
http://www.fda.gov/Food/GuidanceRegulation/FSMA/ 
32 United States Food and Drug Administration, Key Requirements: Final Rule on Preventative Controls for Animal 
Food, 2015, http://www.fda.gov/downloads/Food/GuidanceRegulation/FSMA/UCM461884.pdf 




3.6  Policy Summary 
Table 3.6 summarizes the food waste laws described above, i.e. landfilling bans, reduction targets, and 
incentives are described for Japan, Korea, the United States, and Europe. As discussed earlier, nations 
have developed varying strategies for tackling food waste challenges, some of which are based on 
regional or societal pressures. Both Korea and Japan have heavy governmental involvement in collection 
and food waste management, whereas in Europe and the United States, there is more of a focus on 
research and innovation with less hands-on regulatory direction.  
 
Korea is the only nation represented below that has enacted a food waste landfill ban starting in 2005. 
Several European nations not mentioned below have put into place landfill bans on biodegradable waste 
or organic waste within the last ten years or so including Sweden, Norway, and Austria. Sweden has 
enacted two significant landfill bans which has allowed them to reduce the amount of MSW landfilled to 
roughly 1% as of 2010 (Milios, 2013). In 2002, the country banned sorted combustible waste from 
landfills and in 2005 they banned organic waste in landfills. Norway attributes their success in reducing 
waste in landfills to the introduction of a landfill tax in 1999, as well as a ban on all biodegradable waste 
with total organic carbon (TOC) greater than 10% or organic matter greater than 20% (Kjær, 2013). As of 
2010, Austria had the highest rate of recycling MSW in all of Europe at 63% (Herczeg, 2013). In addition 
to a landfill ban on biodegradable waste with TOC levels greater than 5% since 2004, the country has had 
separate collection for paper and bio-waste since 1995 (Herczeg, 2013). The landfill taxes and tipping 
fees for European countries along with the State of New York are presented in Figure 4.8. 
 
There are also several places within the United States that have banned commercial food waste from 
landfills. The first state to do so was Vermont; they enacted the Universal Recycling and Composting 
Law in 2012. The commercial bans went into effect in 2014 for producers who generate more than 104 
tons of food waste per year and have an accessible recovery facility within 20 miles. In the years 
following, 2015 to 2017, the minimum requirement for the landfill ban will be reduced; by 2020, the ban 
takes effect for all waste producers including households. Connecticut and Massachusetts followed suit 
with laws enacted in 2014. In Massachusetts the minimum threshold was set to one ton per week for 
commercial establishments and Connecticut mimicked Vermont’s law by starting out with 104 tons per 
year minimum and a 20-mile radius recycling access. By 2020, Connecticut’s minimum waste threshold 
is to be reduced to 52 tons per year. Both California and Rhode Island have bans taking effect in 2016. In 
Rhode Island, the law is applied to generators within 15 miles of a composting or anaerobic digestion 
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facility that create more than 104 tons per year of food waste. Rhode Island also added that generators can 
request a waiver if the tipping fee is lower than the cost to recycle. In California, the ban is applied to 
generators of more than eight cubic yards of food waste or yard trimmings per week. Each subsequent 
year the volume threshold decreases.  
 
Location Food Waste Law(s) Food Waste Laws Description 
Japan 
A. Law for Promotion to 
Recover and Utilize 
Recyclable Food Resources 
(2001 and 2007) 
A. Purpose: Promote/facilitate food businesses to recycle food waste 
-components: 
(1) recycling volume targets by source 
(2) government funding for collection, sorting, use information, and 
conducting public relations for promoting recycling 
(3) require food businesses to work on recycling and provide annual 
reports 
(4) provide guidance and instruction to businesses 
(5) require recyclers to register, must go through approval process to be 
registered 
Korea 
A. Wastes Control Act (1986 
and 2007) 
B. Act on Promotion of 
Saving and Recycling of 
Resources (1992 and 2008) 
C. Volume-based Waste Fee 
System (1995) 
D. Food Waste Reduction 
Master Plan (1996) 
E. Comprehensive Measures 
for Food Waste Reduction 
(2001) 
F. Direct Landfilling Ban 
(2005) 
A. Purpose to collect data on waste generation in order to create other 
policies for management 
B. Includes a material reuse plan, a fee system for waste treatment, etc. 
C. Consumer law based on the producer pays principle, started in 1995, 
still being rolled out across different waste types 
D. Required collection of residential and commercial food waste. 
Commercial establishments are responsible for recycling their own and 
residential households separate food waste so that it can be collected by 
a government agency. 
E. Public campaigns to promote food waste reduction including 
educational information in videos and posters 
US 
A. Food Waste Reduction 
Goal (2015) 
B. U.S. Food Waste 
Challenge (2013) 
C. USDA ongoing efforts 
D. Food: Too Good to Waste 
(2012) 
E. Food Recovery Challenge 
(2010) 
F. Bill Emerson Good 
Samaritan Act (1996) 
G. Federal tax deductions for 
food donation (multiple) 
A. 50% by 2030 
B. USDA and US EPA are working together to research and share best 
practices on food waste reduction, recovery, and recycling. Generators 
can participate and have their progress posted on the USDA website 
Challenge which enables them to receive funding for their efforts. 
C. Consumer education, Farm Storage Facility Loan, stimulate research, 
etc. 
D. Community development toolkit from the EPA 
E. Businesses can receive technical assistance and management 
software in order to reduce their waste 
F. Donator cannot be subject to civil or criminal liability for donating 
food in good faith 
G. Tax deductions for C corporations is equal to 1/2 the donated food's 
basic cost. There are also food tax laws for non C corporations 
Europe 
A. Directive on the Landfill 
of Waste (1999) 
B. Waste Framework 
Directive (2008) 
A. Member states should attempt to recover or recycle wastes where 
possible. 




C. additional activities 
including Roadmap to a 
Resource Efficient Europe 
(2011) 
C. Roadmap: by 2020, have a 20% reduction in food chain's resource 
inputs and disposal of edible food waste cut in half. This initiative has 
promoted other activities and put a focus on food waste in the EU. 
Additionally, EU is working on a new proposal based on the circular 
economy that includes food waste, to be published by end of 2015 
Table 3.6 - Food waste policy matrix 
Table 3.7 incorporates many of the feed laws discussed in the previous sections. Many of the policies in 
place today have been shaped by health and safety concerns over the last 100 years. European nations 
were most visibly impacted by the disease crisis and therefore have the strictest regulations on food 
products diverted to animals among the regions reviewed. Korea produces and consumes more pork than 
beef, which is reflected in their livestock safety regulations that focus more on food-and-mouth disease 
rather than BSE. Japan has federal targets to increase feed independence, which may be why the country 
chose to continually test food waste destined for feed instead of applying a blanket ban on certain 
ingredients. 
 
Location Animal Feed Laws Animal Feed Laws Description 
Japan 
(0) Feed Safety Law - high level 
legislation 
(1) Voluntary feed ban of MBM 
(1996) 
(2) Guidelines for the Prevention 
of Cross-contamination of Feed for 
Ruminants 
with Ruminant Proteins (2001) 
(3) feed ban of MBM (2001, 2005) 
(G) general 
(1) MBM not to be used in ruminant feeding  
(2) Rules to reduce opportunity of contamination  
(3) MBM feed ban for all livestock. Feed ban altered in 
2005 to allow swine and poultry feeding to swine and 
poultry but not ruminants.  
(G) Required audits under the Food and Agricultural 
Materials Inspection Centre. Gelatin and collagen of 
mammalian origin, milk and dairy products, and eggs are 
approved to be consumed by ruminants and pigs. 
Korea 
(1) Detailed Measures for 
Improvement of Livestock Disease 
Control And Advanced Livestock 
Industry (2011) 
(1) Measures for increasing safety for livestock: facility 
registration, introduction to standard operating procedures, 
and increased training 
US 
(1) Food Safety Modernization Act 
(2011) - Preventative Controls for 
Animal Food (Sept. 2016) 
(2) CFR: 589.2001 (2008) 
(3) CFR: 589:2000 (1997) 
(1) Processing of food by-products for animal feed must 
comply with the CGMPs (Current Good Manufacturing 
Practices), animal food processing facilities must perform a 
hazards analysis, implement preventative controls (with 
monitoring and verification), and have a recall plan if an 
issue arises 
(2) Prohibitions of cattle materials in animal feed Goal is to 
prevent transmission of BSE. This is an update from 
589.2000 
(3) This version of the cattle material ban only concerned 
feeding cattle to ruminants. 
Europe 
(1) EU No 68/2013 – Catalog of 
Feed Materials 
(2) EC No 183/2005 - 
Requirements for Feed Hygiene 
(1) Most recent update of catalog defining all potential feed 
materials. 
(2) Concerns feed hygiene, feed traceability, and feed 




(3) EC No 999/2001 - Processed 
animal protein feed ban for all farm 
animals (2001) 
(4) Processed animal protein feed 
ban for cattle, sheep, and goats 
(1994) 
imports and exports. 
(3) Processed animal protein feed ban for all farm animals 
(4) Processed animal protein feed ban for cattle, sheep, and 
goats 
Table 3.7 - Animal feed policy matrix 
Over the last roughly 30 years, many nations have shifted their focus from treating food waste to utilizing 
it as a resource. The strategies that have taken shape vary by region and are at different stages of maturity. 
Korea has had a landfill ban on organic wastes for ten years and puts the cost burden on food waste 
generators to promote waste reduction and efficient recovery. As of 2006, Korea was recycling over 90% 
of its food wastes (Kim et al., 2011).  
 
Food product recovery for animal feed also differs by nation. As stated previously, the disease outbreaks 
changed the way society felt about feeding waste and food products to livestock. In Europe, regulations 
are still stringent but confidence is building through EU funded research projects, public promotion, and 
nonprofit trade organizations. Japan has given animal feed, primarily to swine, the top priority for 
recovery to reduce feed import dependence. Both regions, as will be discussed in Chapter 7 (Identification 
of Feed from Food Product Development Opportunities for New York State), are utilizing different 
methods to safely recover lost food products for animal feed; many lessons can be learned from the 
efforts in these locations.  
 
3.7  Industrial Practices 
 
Companies all over the world have recognized that food products can be transformed into a suitable dry 
animal feed ingredient that can be supplemented for concentrated energy feeds such as corn. As discussed 
in an earlier section, some by-products, such as vegetable peelings, are ensiled or fed directly to livestock 
but the market is limited. This type of food waste diversion is also harder to quantify because in some 
cases the products are recovered for animal use on the same farm where the waste was generated. Of the 
businesses that are transforming more downstream wastes (e.g. cereals, bakery and pasta waste, out-of-
date snack foods, etc.), there are a variety of methods being utilized to manipulate the ingredients into an 
acceptable uniform feed. A listing of some of these businesses is provided below (Table 3.8). The 
variation in processing can come from inputs accepted, whether they accept packaged goods, how the 


























Produce, meat, seafood, dairy 
products, bread, baked goods, pet 
food, oil and grease 
Pigs and cows 
According to the EPA page, 
consumers save 30% to 
recycle over throwing it away 
They do not accept coffee or 
packaging material 
Baskin 
Livestock36 New York 




Food waste packaging and 






Chocolate, pasta, cereals, crackers, 
cookies, 
breads, sugars, nuts and other foods 






Typically 10-15% cheaper 
than corn 
Organic 
Matters Inc.38 Florida Primarily baked goods 
Dairy, beef, 




Portugal, Spain, France 
Biscuits, baking by-products, 
pastries, pastas, sweets, 
confectionery, chocolate, snack 
products, baby food, dairy 
products, juices, soft drinks, etc. 
  
ReConserve40 Multiple locations 
Bakery and cereal grain by-
products including breads, cakes, 
candies, chips, cookies, pizzas, etc. 
Poultry, swine, 
dairy and beef 
cattle 
non-edible material is 
separated out 
SugaRich41 UK (multiple repurposing centers)   
Multiple feeds made based on 
livestock 
Trotec42 Belgium Baked goods, chocolate processing, Pigs, cattle, Do accept packaged products, 
																																								 																				
34 Bakery Feeds, https://www.bakeryfeeds.com/ 
35 Barthold Recycling, http://www.bartholdrecycling.com/site/index.html 
36 Baskin Livestock, http://baskinlivestock.com/ 
37 Graybill Processing, Inc., http://www.graybillprocessing.com/ 
38 Organic Matters, Inc., http://www.organicmatters.com/ 
39 Promic Group, http://www.promic.es/empresa-eng.html 
40 ReConserve, http://reconserve.com/ 
41 SugaRich, http://www.sugarich.co.uk/ 
42 Trotec, http://www.trotec.be/en/home/ 
47 
 
chips/snacks, sweets, grain 
processing, pastries, etc. 
chickens majority gets recycled 
Winona 
Farm43 Minnesota Institutional waste, co-ops, etc. Pigs  
Wilenta Feed 
Incorporated44 New Jersey Inedible bakery waste   
Table 3.8 - Listing of various food waste to animal feed processing facilities around the world 
Below is a summary of the nutritional analyses published by four of the facilities above.  
 
Company 
Nutritional Analysis  
(as fed basis unless stated otherwise) 
Crude Protein Crude Fat Moisture Ash Crude Fiber 
Bakery Feeds34 10.0% 9.0% 9.0% 4.0% 4.0% 
Baskin Livestock36 11.5% 11.5% 12.9% 3.6% 2.3% 
Graybill Processing*37 14.5% 12.5% 10-12% 4.9% 9.0% 
ReConserve40 9.3% 10.5% 9.2% 4.8% 2.9% 
* dry matter basis 
Table 3.9 - Nutritional analyses from various food waste based feed manufacturers 
Although individual companies in Korea and Japan provide scant details on their specific processing 
methods, some of the research literature gave insight into the various practices utilized in these regions. 
The level of detail provided by the scholarly literature is greater than what is published by individual 
businesses. Current information available in the U.S. is fairly limited and therefore difficult to compare to 
case studies overseas. Kim and Kim (2010) from Korea described a process for diverting residential food 
waste to animal feed that includes a dehydrator and a disk dryer for removing moisture, and produced 
35.8 tons of feed from 260 tons of food waste with 182.5 tons of water removed and sent to wastewater 
treatment. Energy inputs included both liquefied natural gas and electricity. 
 
Ogino et al. (2007) analyzed three different FFP processors in Japan. There were wide variations among 
the processing methods employed. For example, one manufacturer dried the food waste by steam heating 
with natural gas, another used heavy oil and recycled food oil to dry by frying under low pressure, and the 
third used both flash drying and vacuum drying techniques using energy from heavy oil and waste heat 
from an independent incinerator. Takata et al. (2012), also in Japan, used propane gas as the energy 
source for drying in their life cycle assessment of a FFP process.  
																																								 																				
43 Winona Farm, http://www.thefarm.winona-mn.us/foodwaste.htm 




Industrial businesses transforming food products into feed in the United States share minimal information 
about their drying methods. The details included in Table 3.8 and Table 3.9, give some insight into the 
various feedstocks incorporated, variation in FFP nutrition content and whether or not they accept 
packaged material. Each business tends to follow a similar processing strategy with some combination of 
separation or sorting, shredding, and drying. In general, most locations appear to accept baked goods, 
pastries, pasta, snacks, and candies and the transformation steps include mixing, grinding, and drying. 
Those businesses that accept packaged goods, including Bakery Feeds, Reconserve, Trotec, and Baskin 
Livestock, also have a material separation step. A few of the companies reveal their fuel sources 
including, Organic Matters, Inc. which dehydrates their feed by burning waste sawdust from nearby 
construction facilities; both Bakery Feeds and Baskin Livestock appear to use the waste packaging as a 
fuel source in their operation. Baskin Livestock supplements the packaging waste with wood chips.  
 
In addition to the businesses that transform the waste products, there are companies that play a supporting 
role by developing the equipment that compacts and stores the lost food products at the generator’s 
facility until pickup, separates food products from packaging material, or dehydrates and manufactures 
feed. B & T Technologies, based in Florida, manufactures the Jet-Pro system, which they recommend for 
several applications including transforming FFP by dehydrating and pelletizing the feedstock material. 
The company’s process flow is recreated in Figure 3.4. The Textured Drying Process™ starts with a 
mixing of wet and dry ingredients until the combination has a moisture content between 35% and 55%, 
next it is extruded to form long thin strands that are broken up into pellets in the subsequent step. The 
animal feed is then dried to less than 10% moisture content on a fluid bed dryer with an up-flow velocity 
of 800 to 850 cfm/ft2 in approximately seven to ten minutes. Finally, the feed is cooled and bagged or 
stored in bulk before being sold.45 As shown in Figure 3.4, B & T Technologies uses natural gas or 
another kind of liquefied gas to heat the dryer. The air temperature in the dryer is generally held between 
325°F and 375°F, which keeps the pellet surface temperature between 165°F and 175°F.  According to B 
& T Technologies’ website, some installations include: Enviro Feed in New Jersey which transforms 
roughly 100 tons per day of catering, hotel and commercial food waste into feed and NutraCycle, Inc. in 
Oshkosh, Wisconsin that also manufacturers 100 tons per day of feed from food processing losses, 
including bakery, cheese, potato-processing, and egg laying.46  
 
																																								 																				
45 Moss, William, B&T Technologies, Jet-Pro® Equipment, 2014, http://www.bandttech.com/jet-pro-equipment 





Figure 3.4 - B&T Technologies Jet-Pro System process flow45 
The separation of food products from packaging is an important element to food product recovery. Some 
is not recovered because it is contained in a package; according to Williams and Wikstrom (2010), 
between 3% and 10% of food is left in the packaging when disposed of by consumers. Waste Solutions 
Ltd from the United Kingdom is attempting to solve this issue by supplying equipment that separates 
packaging from food. The machinery can handle both wet and dry ingredients that reside in bags or 
plastic bottles. The product, called the Super Separator, can segregate packaging and food waste at a rate 
of between four and five tons per hour. Patent #5,346,714 (“Methods for Recycling Materials into Useful 
Byproducts”), was granted in 1994 to Thomas J. Peters for SSDE Technologies, and is also an attempt at 
overcoming the packaging issue.  The invention is specifically focused on using mechanized equipment to 
open food cans, release food contents, and then magnetically separate the two products. The food product 




The policy analysis above highlights that there is no single driver for achieving a high food waste 
diversion rate to animal feed. The policies that were put into place in regions such as Japan, Korea, and 
Europe were culturally relevant to those areas and align with a larger framework of policy initiatives. 
None of the locations mentioned above had a food waste ban or organics diversion target that stood by 
itself legislatively or as a regulatory policy. By having the support of other policies, the concept of 
diverting food waste to animal feed becomes less foreign or daunting. This policy reinforcement, whether 
it was through MSW reduction targets, government sponsored research, or public funding, allowed these 
countries to maintain high food waste diversion rates to animal feed. Another factor that stood out that 
was similar across all regions was that both concepts, food waste diversion and recovery for animal feed, 
appeared to be well documented in the public domain, enhancing confidence in FFP and awareness of 




The gap in knowledge that needs to be understood before lessons from abroad can be applied to New 
York is to identify that unique catalyst for change. Each region above had a different one that sparked an 
increase in diversion or focus on animal feed. Chapter 4, Current Food Waste Management Practices in 
New York State, discusses much of what makes New York unique and establishes a few opportunities for 
catalyzing increased diversion of food waste to animal feed. 
 
As described above, there is considerable variation in the methods used to prepare food products into a 
reliable and consistent animal feed. While the NOSHAN project in the EU aims to match specific drying 
or processing technologies to different food ingredients, there will likely be an array of methods used for 
all types of food waste for some amount of time. As will be discussed in Chapters 5, the environmental 
literature for comparing the diversion alternatives is centered on Japan and Korea, so it is not 
representative of practices in Europe or the United States. This is critical to the GHG emissions impact 
because moisture content is vastly different between the two regions (Europe and the United States vs. 
Japan and Korea), and moisture content, as will be established in Chapter 6, greatly affects product yield 
and system energy use.   
 
4 Current Food Waste Management Practices in New York State 
4.1  Introduction 
The purpose of this chapter is to document what is happening in New York relative to food products and 
animal feed, including waste generation and recovery, relevant regulations, and stakeholder comments. 
Included are a review of the State’s major food industries relative to the rest of the country, an 
investigation of state policy, a characterization of available food waste, and a review of some of the social 
concerns around producing feed from food products (FFP) from the point of view of various stakeholders. 
 
New York State is located in the Northeast region of the United States; sharing borders with two Great 
Lakes (Erie and Ontario), Canada, Vermont, Massachusetts, Connecticut, New Jersey, and Pennsylvania. 
The state is a part of EPA’s Region 2 that also includes New Jersey, Puerto Rico, the U.S. Virgin Islands, 
and eight tribal nations.47 There are 62 counties within the ten regions of the state: Capital, Central New 
York, Finger Lakes, Hudson Valley, Long Island, Mohawk Valley, New York City, North Country, 
Southern Tier, and Western New York.  
																																								 																				




In 2013, Food Processing was ranked tenth in employment among the top industry clusters with 63,600 
jobs, and ranked eighth for regional exports with $25 billion, as shown in Figure 4.1 (Employment, 2014). 
According to the USDA Economic Research Service, as of 2010, New York ranks second behind 
California for the number of food and beverage manufacturing facilities; data for the top ten states is 
shown below in Table 4.1.  
State name 
Number of Facilities by NAICS Code 
Food only (excluding 
beverages), NAICS 311 
Beverages, NAICS 
3121 
Total Food and 
Beverages 
California 3219 1295 4514 
New York 1946 240 2186 
Texas 1545 229 1774 
Pennsylvania 1145 157 1302 
Illinois 1147 114 1261 
Wisconsin 944 95 1039 
Washington 743 287 1030 
Florida 856 118 974 
Ohio 858 108 966 
New Jersey 877 56 933 
Table 4.1 - Top food manufacturing states by number of locations48 
There are nine sectors included in food manufacturing under North American Industry Classification 
System (NAICS) code 311:  
● Animal Food Manufacturing (NAICS 3111) 
● Grain and Oilseed Milling (NAICS 3112) 
● Sugar and Confectionery Product Manufacturing (NAICS 3113) 
● Fruit and Vegetable Preserving and Specialty Food Manufacturing (NAICS 3114) 
● Dairy Product Manufacturing (NAICS 3115) 
● Animal Slaughtering and Processing (NAICS 3116) 
● Seafood Product Preparation and Packaging (NAICS 3117) 
● Bakeries and Tortilla Manufacturing (NAICS 3118) 
● Other Food Manufacturing (NAICS 3119) 
																																								 																				





According to Bureau of Labor (2014) there has been a 16% increase in food manufacturing firms between 
2003 and 2013 within New York, shown in Figure 4.2. The largest proportion in 2013 by almost 60%, 
were bakeries and tortilla manufacturing plants, as shown in Table 4.2. This sector has increased its 
number of firms by 27% and number of jobs by 9% between 2003 and 2013 (Bureau of Labor, 2014). As 
shown in Table 4.3, New York City dominates the number of food manufacturing facilities in the state, 
with almost 50%; the region also grew by roughly 25% between 2003 and 2013. Long Island, Hudson 
Valley, Western New York, and the Finger Lakes regions contain most of the remaining locations with a 
combined 37%. All of these regions also grew between 2003 and 2013, with the exception of Western 
New York, which shrank by 10%. The locations of the bakeries, fruits and vegetables, and other locations 
within the state are shown in the series of figures in Waste and Food Waste. The data is provided by the 
New York State Pollution Prevention Institute. 
 
 
Figure 4.1 - Employment data on New York State industry clusters 




Figure 4.2 - New York State food manufacturing: total number of jobs by year 
(Reproduction of table by Bureau of Labor, 2014) 
 
Industry Name # of 
Firms 
Firm % Change 
2003 to 2013 # of Jobs 
Job % Change 
2003 to 2013 
Bakeries and tortilla manufacturing 
(3118) 1514 26.9% 21,315 8.7% 
Other food manufacturing (3119) 183 7.6% 6444 4.3% 
Animal slaughtering and processing 
(3116) 132 0.8% 3629 -5.0% 
Dairy product manufacturing (3115) 121 0.0% 9474 12.0% 
Sugar and confectionery product 
manufacturing (3113) 118 -12.6% 2788 -31.9% 
Fruit and vegetable preserving and 
specialty foods (3114) 103 -4.6% 5822 -25.0% 
Animal food manufacturing (3111) 58 0.0% 1498 -15.8% 
Grain and oilseed milling (3112) 22 22.2% 969 -2.6% 
Seafood product preparation and 
packaging (3117) 19 -9.5% 406 -12.6% 
Table 4.2 - New York food manufacturing by industry: total number of firms and jobs  















































Region # of 
Firms 




Job % Change 2003 to 
2013 
Capital 97 16.9% 2006 -8.7% 
Central New York 72 10.8% 1433 -36.2% 
Finger Lakes 135 16.4% 6255 -0.9% 
Hudson Valley 252 21.2% 5976 38.0% 
Long Island 295 12.6% 6163 -12.5% 
Mohawk Valley 62 -10.1% 2282 18.3% 
New York City 1088 24.9% 15377 6.4% 
North Country 37 -11.9% 1022 -27.7% 
Southern Tier 53 10.4% 3527 25.2% 
Western New 
York 
149 -10.2% 7934 -22.3% 
Table 4.3 - New York food manufacturing by region: total number of firms and jobs  
(Reproduction of table by Bureau of Labor, 2014) 
4.2 Regulation 
4.2.1 Waste and Food Waste 
 
As stated above, actual food waste management is regulated and handled by state and local agencies. One 
of the main governing bodies at the state level is the New York Department of Environmental 
Conservation (DEC). Within the DEC is the Division of Materials Management, which is guided by two 
goals:  
 
● “Minimize waste and maximize the use of recyclable materials, while ensuring that 
solid waste management facilities within the State are operated properly. By 
capturing the economic value of materials, their imbedded energy is conserved and 
the generation of greenhouse gases and pollution is minimized.” 
● “Ensure safe and appropriate management of pesticides and provide protection from 
exposure to them, through regulation of pesticide registration, sales and application 
and related enforcement/compliance, as well as technical assistance and outreach.”49 
 
The DEC manages solid waste through the Solid Waste Management Facilities Regulations under 6 
NYCRR Part 360 (Title 6 Department of Environmental Conservation Chapter IV Quality Services 
																																								 																				




Subchapter B Part 360). Currently, the relevant documents for organic waste are under Subpart 360-5 
Composting and other Class A Organic Waste Processing Facilities (360-5). Eventually, according to the 
DEC website, the pertinent information will be relocated under Part 361 for Solid Waste and Material 
Recovery Facilities and Subpart 361-3 Organic Waste Processing Facilities; the DEC is in the process of 
reorganizing its regulation categories.50 Under the 360-5.4, facilities must apply for a waste management 
permit with an extensive engineering report that includes a recycling analysis and documented facility 
plans, as well as submit an annual report each January. The engineering report must contain the following 
items (review the actual 360-5 for the full list of requirements) (General Permit, n.d.):  
 
● Regional map of location with population centers and transport systems identified 
● Vicinity map with zoning and land use, residences, surface waters, access roads, and other 
features 
● Site plan map with location, facility drainage characteristics, all buildings within 800 feet of the 
site, access roads, property boundaries, potable water wells, drainage swales, elevation contours 
● Map with classification of wetlands and floodplain 
● Solid waste description including: source(s), quality, quantity, variability, etc.  
● Facility description: 
o Type/purpose/size of all handling, processing and storage equipment to demonstrate their 
ability to handle anticipated material 
o Method for measuring, shredding, mixing, etc. of materials 
o Pre- and post-processing equipment to separate non-conforming material 
o Separating, processing, storage of non-conforming material 
o Process flow diagrams with wet weight, dry weight, and volumetric basis and cycle times 
o Air emissions and control equipment 
● Facility operation details 
o Schedule of operation 
o Daily traffic flow 
o Procedure for truck unloading 
● Monitoring, sampling, and analysis plans for both waste and products 
● Facility owner and facility personnel 
● Operation and maintenance manuals, odor management plans 
																																								 																				




If the waste management facility handles source-separated organic waste, e.g. through composting or 
anaerobic digestion, in addition to the above requirements, the facilities must follow form 360-5.6, 
Source-Separated Organic Waste Processing Facilities. A summary of the specifications is shown below, 
for the full detail, see 360-5.6 (Source-Separated, n.d.): 
 
● Detailed description of waste source(s), residential and/or commercial, including type, quantity 
and variation of material. 
● Source-separation procedures in place at each collection point. For residential programs, 
education literature must be included. With commercial establishments, a copy of the waste 
collection/use agreement must be included.  
● Description of processes to decrease pathogenic content and vector attraction. 
● Additional design elements: 
o Requirements for composting pathogen reduction 
o Pollutant limit if output is distributed to the public 
o Design criteria requirements for water drainage, material and leachate storage, material 
liners, etc. 
o Monitoring and record keeping 
o Specific to anaerobic digesters there are additional requirements including: minimum 
volatile solids reduction of 38% and less than 1% by volume of non-organic material may 
be present, etc. 
 
Under the 360-1.15 Beneficial Use, materials determined to be utilized beneficially under the specifics 
outlined are no longer considered a solid waste and do not have to be managed as such. The Solid Waste 
Management Facilities guidelines include sixteen predefined beneficial use determination (BUD) waste 
applications, for example uncontaminated newspaper used as animal bedding or tire chips incorporated 
into the aggregate in the road base (Beneficial Use, n.d.). In addition to those options, the DEC includes 
case-specific BUD categories, which include road treatment, cement kiln feedstock, and animal feed. In 
order for a solid waste to be given BUD status under a case-specific category, a petition must be 
completed using the corresponding form and must demonstrate the use is beneficial.  
 
The basis for waste management in New York is the Solid Waste Management Act (SWMA) of 1988. 
The Act incorporated a number of items including a waste management hierarchy, a waste reduction 
target, objectives for municipal and business waste separation and recycling, an expectation of regional 
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cooperation, and funding requirements to meet targets (Beyond Waste, 2010). The hierarchy was 
described as follows: reduce waste generation, reuse material in the same application as its original 
intention, recycle what cannot be reused, recover energy from the solid waste in an environmentally 
conscious way, and responsibly dispose if any remaining portions according to New York State law 
(Beyond Waste, 2010). Under this Act, municipalities were required to implement source separation 
practices or ordinances for recyclables within five years. Additionally, the Act had the goal for half of all 
New York waste to be reduced, reused, or recycled within ten years. 
 
While New York is still working towards some of the goals established in 1988, for the most part, the 
SWMA has been unchanged since 1988. In 2010, the DEC published a new strategy proposal entitled, 
“Beyond Waste: A Sustainable Materials Management Strategy for New York State.” This plan “sets 
forth a new approach for New York State—a shift from focusing on ‘end-of-the-pipe’ waste management 
techniques to looking ‘upstream’ and more comprehensively at how materials that would otherwise 
become waste can be more sustainably managed through the state’s economy,” (Beyond Waste, 2010). 
The intent is to progress beyond the SWMA by: preventing generation, using waste materials in their 
highest value, maximizing reusing and recycling, engaging stakeholders, maximizing energy value, and 
engaging manufacturers in end-of-life management (Beyond Waste, 2010). Included in this document are 
recommendations around increasing FFP quoted in (Section 1.1); just to reiterate the proposal is to fund 
guidance on animal feed regulations, identify farms and food waste sources and develop relationships, 
and share information with the public. The DEC strategy document does specify that recommendations 
are for food scraps which include both waste and food residues. Shown below, in Figure 4.3, is the DEC’s 
recommended timeline for achieving the described proposal. This set of tasks in the time allotted seems 
very reasonable, however, it does not appear that this work has started. Additionally, the federal FSMA 
law, discussed in the previous chapter, changes the regulatory requirements starting in 2016; this should 
be incorporated into any regulatory guidance documents generated for New York FFP operators. 
 
 
Figure 4.3 - DEC timetable to maximize diversion to animal feed 
(Reproduction of table by Beyond Waste, 2010) 
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4.2.2 Animal Feed 
 
As described earlier, New York is one of many states that do not allow garbage feeding to swine, even 
though federal law allows treated garbage feeding. Garbage, according to the New York State Department 
of Agriculture is, “putrescible animal and poultry wastes from the handling, processing, preparation, 
cooking and consumption of foods… the general definition of garbage is plate waste: food for human 
consumption discarded and collected from establishments that serve meals, such as restaurants, hotels, 
hospitals, schools and corrective institutions.”51 Stated differently, post-consumer waste can be diverted to 
swine or cattle in the state of New York. 
 
New York has the beneficial use determination program to support and document the utilization of all 
types of waste for a different purpose. As noted above, animal feed is one of the case-specific petition 
categories that waste handlers may choose.  The permit can be for up to five years. The permit application 
requires the following information52: 
 
● Type and quantity food scraps 
● Source of generation, name, location, description and facility type 
● Food scrap collection method 
● Contamination control for feed 
● Depackaging method, if necessary 
● Nutritional information of food scraps, including justification of the feed’s value 
● Feed processing method 
● Feed destination information including: farm name, address, hauling/loading delivery method, 
farm storage plan, and odor mitigation strategy (room for multiple recipients) 
 
4.3  Food Waste in New York 
To better understand the opportunities available in New York for diversion to animal feed it is important 
to understand the current status of waste management. According to the DEC’s Beyond Waste Plan, no 
extensive waste audit has been performed across the entire state (Beyond Waste, 2010). However, there 
																																								 																				
51 New York State Department of Agriculture and Markets: Division of Animal Industry, Feeding Garbage in New 
York State, http://www.agriculture.ny.gov/ai/Swine/Feeding-garbage-in-NYS.pdf 




are a number of data sources that can be pooled together to reasonably document the major waste sources 
that would be relevant to animal feed. Firstly, the DEC has estimated totals for food scrap generation 
within both municipal solid waste as well as the industrial waste sectors from 2008. Secondly, 
information from the New York State Department of Labor as well as data from the New York State 
Pollution Prevention Institute’s (NYSP2I) Organic Resource Locator (ORL) can provide detail on how 
many and what types of food processors are generating food waste in the state. The rough totals for waste 
generated can be estimated using two different methods; firstly, based on the relative number of firms per 
sector, and secondly by using the value of receipts by sector.  
 
According to Beyond Waste (2010), in 2008, the total tonnage of solid waste generated was nearly evenly 
split between municipal solid waste (54%), and commercial and industrial (46%). Almost 18% of New 
York’s solid waste was comprised of food scraps; the number given by the EPA is closer to 12%. The 
disparity between NYS and EPA data is attributed to the large volume of waste generated by urban 
populations and roughly 43% of the state’s population is located in Greater New York City.53 Within the 
18% food scrap number, just over 15% was from residential MSW, and just over 20% was from the 
commercial and industrial sectors. The table below, Table 4.4, shows the combined MSW breakdown 
estimated for New York in 2008; the organics percentage includes food scraps, 18%, and yard trimmings, 
5%, to generate the 23% total (Beyond Waste, 2010). Table 4.5 summarizes the New York State MSW 
breakdown and food scrap rates for residential and industrial and commercial, according to Beyond Waste 
(2010), 2008 figures. 









Table 4.4 - Components of New York MSW in 2008 by percent contribution  
(Reproduction of table by Beyond Waste, 2010) 
																																								 																				








MSW (%) 54% 46% 100% 
MSW Total (Tons) 9,888,501 8,423,537 18,312,038 
Food Scraps (%) 15.2% 20.4% 17.7% 
Food Scraps Total (Tons) 1,503,052 1,718,402 3,232,075 
Table 4.5 - Summary of MSW and food scraps in New York for 2008  
(Reproduction of table by Beyond Waste, 2010) 
	
As stated above, the New York State Pollution Prevention Institute has developed an Organic Resource 
Locator (ORL). The facility information only includes sites with at least $1 million in sales per year. This 
tool is a compilation of several data sources including databases, publicly available information, 
interviews, and literature. One of the many benefits of collecting and displaying this information is that it 
enables connections between generators and waste users to be made more efficiently. In Figure 4.4 are a 
series of New York State maps generated from the ORL. Due to the limit on sales volume, not all of the 
facilities identified by New York State’s labor statistics are represented. These visuals, however, 
generally represent the larger waste producers across the state. Upper left to upper right and bottom left to 
bottom right: displays the concentrated animal feeding operations (CAFOs) across the state, the next map 
shows all food processing plants within the state, then all food processing plants that would be candidates 
for generating FFP, and finally, all of the bakeries in New York. Bakeries were singled out because as 
stated before, bakery waste has high potential as a feed ingredient. 
 
Based on the scale of each chart there may be more than one location per dot; the purpose from this view 
is to understand the general scale as well as geographical clustering of different waste generators. There 
are 518 CAFOs handling cattle, dairy, and beef and 1102 food processing plants including 116 bakeries, 
cookie and cracker manufacturing, and pasta or flour processing. Not shown below but still sourced by 
the ORL are the 2452 food retail stores encompassing supermarkets, big box stores, and convenient 
stores.28 The CAFOs are spread across the state from east to west with some farms also located in the 
northeastern part of New York. Food processing facilities are fairly well spread across the state, primarily 
concentrated around the state’s major cities. The largest concentration, as expected, is in New York City, 





Figure 4.4 - Organic Resource Locator facilities maps28 
(a) CAFOs - Cattle, Dairy, and Swine 
(b) Food Processing - All;  
(c) Food Processing - Sauces/Dressing, Bakeries/Grains, Distilleries, Beverage Processing, Dairy, Wineries, Breweries, Fruit 
and Vegetable Production;  
(d) Food Processing – Bakeries/Grains 
 
Food losses vary by type and supply chain stage. For example, as described in The Food Waste 
Challenge, according to Lipinski et al. (2013), 19% of global food waste by weight is made up by cereals 
and 44% is fruits and vegetables. The United Nations Food and Agriculture Organization (FAO), in 
Global Food Losses and Food Waste: Extent, Causes and Prevention (2011), quantified the losses by 
major food group and supply chain stage based on available data (Gustavsson et al., 2011). The data 
specific to North America and Oceania are summarized below in Figure 4.5 (Gunders, 2012). Outside of 
consumer losses, the majority of grain products are lost during processing and packaging. While there has 
not been a statewide waste assignment, there is no reason not to assume that waste numbers by product 







Figure 4.5 - North America and Oceania percentage of food waste by supply chain stage and food type 
(Reproduction of table by Gunders, 2012) 
	
In Table 4.6 are two of the ways in which the value contribution by each food-processing sector can be 
evaluated. The first way is to distribute the food scrap waste amounts from New York State 
proportionally by the number of firms in each NAICS category, shown below in purple. This waste 
estimation utilized the total waste in tons from Beyond Waste (2010) and detailed above in Table 4.2. The 
number of firms was documented by Schmit et al. (2012) from the Census Bureau from 2007. The main 
limitation of this method is that the proportioning assumes equal amounts of waste generated across all 
facilities within and across each of the NAICS categories. This is not completely accurate given Figure 
4.5 above, which documented the percent losses by major food group across the food supply chain.  
 
Another means of calculating the loss contributions from each food-manufacturing sector is by 
proportioning waste by the sales contribution of each category; this is shown below in blue in Table 4.6. 
This method accounts for some in the difference in volumes per product family, however, it is also 
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limited because the measure assumes equal pricing and equal waste generation per unit across facilities 
and categories. As discussed in Beyond Waste (2010), the most accurate means for understanding food 
losses within New York would be to do a state-wide audit. However, without access to such data, these 
two methods provide a general range for what the generation values could be. These ranges are shown in 
Table 4.6 in the rightmost column. A few of the categories do align across the two calculation techniques 
including seafood, animal slaughter and processing. On the other hand, most of the food waste totals vary 
significantly. For example, bakeries and tortilla manufacturing ranges from 241,000 to 1,047,000 tons of 




Category Food Waste Contribution by # of Firms1 




























1,940 100% 1,718,402 $16,420 100% 1,718,402 --- --- 
3111 Animal Food 50 2.6% 44,289 $1,293 7.9% 135,316 [2.6 - 7.9] [44,289 - 
135,316] 
3112 Grain and 
Oilseed 
Milling 
21 1.1% 18,601 $1,115 6.8% 116,688 [1.1 - 6.8] [18,601 - 
116,688] 
3113 Sugar and 
Confectionery 
121 6.2% 107,179 $563 3.4% 58,920 [3.4 - 6.2] [58,920 - 
107,179] 
3114 Fruit and 
Vegetable 
86 4.4% 76,177 $2,184 13.3% 228,562 [4.4 - 13.3] [76,177 - 
228,562] 





137 7.1% 121,351 $1,123 6.8% 117,525 [6.8 - 7.1] [117,525 - 
121,351] 
3117 Seafood 15 0.8% 13,287 $92 0.6% 9,628 [0.6 - 0.8] [9,628 - 
13,287] 
3118 Bakeries and 
Tortilla 
1,182 60.9% 1,046,985 $2,304 14.0% 241,120 [14 - 60.9] [241,120 - 
1,046,985] 
3119 Other Food 215 11.1% 190,441 $2,518 15.3% 263,516 [11.1,15.3] [190,441 - 
263,516] 
* Based on employer data only, from 2007 Economic Census 
** Calculation based on industrial food scraps fraction of MSW in 2008 (Beyond Waste, 2010) 
Table 4.6 - Food waste contributions per NAICS category (Beyond Waste, 20101 and Schmit et al. 20122) 
4.4 Food Waste Recovery in New York  
As stated above, food product losses and recovery have not been fully quantified in the State of New 
York. As such, it is difficult to determine the amount of waste that is being diverted from landfills and for 
what purposes. The following data is presented to help frame the state of food recovery in New York 
given the information available. The analysis starts with a summary of municipal solid waste within the 
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state as compared to other states, regions, and countries. Following that, data are presented regarding the 
current state of animal feed, composting, and anaerobic digestion within New York. 
 
Van Haaren et al. (2010) conducted a municipal solid waste survey across the United States. A summary 
of the findings by region is shown in Figure	 4.6 below. The Mid-Atlantic region, where New York is 
located, was neither in the top or bottom of any one category analyzed as compared to its partner regions. 
New England had the largest rate of combustion based waste-to-energy of MSW at 39% as well as the 
lowest landfilling percentage at 31%. The West had the highest recycling and composting rates at 35% 
and 11% respectively.  The Rocky Mountains had the worst recovery rates across all regions; 88% of their 
MSW was sent to the landfill. The authors also divided the results by state; one of several state-focused 
analysis tables is available in. New York was ranked third among all states in amount of recycled material 
per year, behind California and Pennsylvania, second in total MSW to waste-to-energy behind Florida, 
eighth in total MSW composted, fifth in estimated MSW generated and tied for 48th for per capita 
estimated MSW generated. As of this survey, New York had 27 landfills, which is in the middle relative 
to the rest of the states. The landfill locations within the state are shown in Figure	4.7. The average tipping 
fee was twelfth highest at $44.7 per ton MSW; thirteen states did not report (Van Haaren et al., 2010). 
NYS also had ten combustion waste-to-energy facilities; Virginia and Florida were the only states with 
more, at twelve apiece. Of the eleven states reporting WTE tipping fees, New York ranked third at $72.34 





Figure 4.6 - MSW disposal by United States region 2008 
(Reproduction of figure by Van Haaren et al., 2010) 
 
Figure 4.7 - Active MSW locations in New York54 
																																								 																				









Landfilling	 52%	 88%	 78%	 81%	 79%	 59%	 31%	
Waste-to-Energy	 2%	 1%	 1%	 4%	 8%	 14%	 39%	
Compos:ng	 11%	 2%	 10%	 3%	 2%	 7%	 7%	


















Table 4.7 documents 2012 values by landfill facility for waste generated, annual permit limits and 
expected remaining capacity. On average, each facility had annual permit limits roughly 100,000 tons 
more than what was actually landfilled. If the maximum were landfilled every year over the next several 
years, New York would exceed capacity between 2030 and 2031. The remaining capacity by facility is 
also shown in Table 4.7; the time remaining ranges between 1.1 years and 101 years. Of the 27 active 
landfills, eleven will reach capacity in less than ten years. There are proposed capacity increases at a few 



























SLF	(01S02)	 Albany	 225,897	 275,100	 2,988,111	 49,203	 10.9	
Allegany	County	
Landfill	(02S15)	 Allegany	 46,528	 56,680	 99,607	 10,152	 1.8	
Allied/BFI	Niagara	
Falls	Landfill	(32S11)	 Niagara	 657,618	 800,000	 6,400,000	 142,382	 8.0	
Auburn	Landfill	No.	
2	(06S14)	 Cayuga	 89,995	 96,000	 454,258	 6,005	 4.7	
Ava	Landfill	(33S15)	 Oneida	 234,124	 312,000	 23,305,692	 77,876	 74.7	
Bath	Sanitary	
Landfill	(51S21)	 Steuben	 109,905	 151,500	 2,458,524	 41,595	 16.2	
Bristol	Hill	SLF	
(38S14)	 Oswego	 40,558	 100,000	 2,851,298	 59,442	 28.5	
Broome	County	
Landfill	(04S07)	 Broome	 168,230	 232,000	 9,820,128	 63,770	 42.3	
Chaffee	Landfill	
(15S14)	 Erie	 278,378	 600,000	 4,800,000	 321,622	 8.0	
Chautauqua	Landfill	




Chemung	 178,763	 180,000	 507,328	 1,237	 2.8	
Chenango	County	
Landfill	(09S16)	 Chenango	 27,969	 41,550	 1,689,532	 13,581	 40.7	
Clinton	County	
Landfill	(10S20)	 Clinton	 146,875	 175,000	 4,858,016	 28,125	 27.8	
Colonie	(T)	Sanitary	 Albany	 170,291	 170,500	 1,940,274	 209	 11.4	
																																								 																				








Cortland	 27,544	 44,500	 607,530	 16,956	 13.7	
Delaware	County	









Franklin	 50,698	 125,000	 142,093	 74,302	 1.1	
Fulton	County	
Landfill	(18S20)	 Fulton	 81,882	 134,000	 11,128,865	 52,118	 83.1	
High	Acres	West.	
Exp.	LF	(28S32)	 Monroe	 579,245	 1,074,500	 45,475,000	 495,255	 42.3	
Hyland	Landfill	




Madison	 45,192	 61,000	 6,161,436	 15,808	 101.0	
Mill	Seat	SLF	(28S31)	 Monroe	 524,873	 598,650	 4,256,000	 73,777	 7.1	
Modern	Landfill	
(32S30)	 Niagara	 767,594	 815,000	 29,640,000	 47,406	 36.4	
Ontario	County	SLF	
(35S11)	 Ontario	 836,118	 1,200,000	 3,036,459	 363,882	 2.5	
Saratoga	County	LF*	 Saratoga	 N/A	 106,000	 1,425,000	 N/A	 13.4	
Seneca	Meadows	LF	
(50S08)	 Seneca	 1,951,431	 2,190,000	 24,096,540	 238,569	 11.0	
Totals:	 7,916,528	 10,658,100	 200,247,458	 101,368	 18.8	
Table 4.7 - New York Landfill 2012 waste totals and remaining capacity55 
The discussions around landfill capacity, landfill locations and tipping fees, are all relevant considering 
the work being done abroad. Both Japan and Korea introduced food waste regulations out of necessity; 
landfill space was limited and society was against the idea of building new facilities. In Europe, landfill 
fees, which include taxes as well as tipping costs per unit, are on average higher than New York, as 
shown below in Figure 4.8. The average in 2013 is in blue; it is almost €75/ton whereas New York is 
roughly €46/ton given current currency conversion of $1 to €0.93 (Van Haaren et al., 2010).56 57 The three 
																																								 																				
56 European Environmental Agency, Typical Charge (gate Fee and Landfill Tax) for Legal Landfilling of Non-
hazardous Municipal Waste in EU Member States and Regions, http://www.eea.europa.eu/data-and-
maps/figures/typical-charge-gate-fee-and 
57 Bloomberg, EUR to USD Exchange Rate, http://www.bloomberg.com/quote/EURUSD:CUR 
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countries mentioned above that have landfill bans on organics are Austria, Netherlands, and Sweden, all 
of which have fees higher than the average. 
 
Figure 4.8 - Landfilling costs per ton in Europe (Van Haaren et al., 2010)56 57 
Considering food losses specifically, New York State recovery practices are similar to what has been 
found through BSR (2014) survey as well as the audit performed by Griffin et al. (2009). In Table 4.8 is a 
subset of a table create by Griffin et al. (2009) for the food waste generation and recovery of a few 
processing facilities in an unnamed Upstate New York county. Of what is shown, the most significant 
amount of waste that was recovered went to donation, and was solely from the bakeries, approximately 





Processor Type Waste Generation 
Recovery Type 
Disposed 
Donation Animal Feed Composted 
Bakeries (3) 
<kg> 99,573 81,219 16,452 0 2,024 
Wineries (2) 
<kg> 8,748 0 0 2,268 6,480 
Wineries (3) 
<liters> 40,432 0 0 27,633 14,843 
Brewery (1) 
<liters> 12,204 0 0 0 12,204 
Prepared Foods (2) 
<liters> 2,423 0 0 2,423 0 
Dairy Foods (1) <liters> 7,571 0 0 0 7,571 
Orchard <kg> 6,350 0 4,233 (composting & animal feed) 2,117 
Butcher <kg> 2,483 0 0 0 2,483 
Table 4.8 - Food waste recovery by processor type in an Upstate New York county - Subset of table provided by Griffin et al. 
(2009) 
The New York State DEC list for BUDs that divert to animal feed contains ten different permits, listed 
below in Table 4.9. Given that there is no date attached to this list, it is possible that there have been 
additional permits granted. There are two other food-based BUD permits that were both granted to 
Growers Cooperative Grape Juice Co for non-recognizable food processing waste as a soil amendment. It 
is assumed that some of the wastes for all of the BUD permits do include by-products or inedible food 
based on the typical wastes generated by these industries, e.g. spent corn from Northeast Biofuels. Baskin 
Livestock, as discussed above, acquires food products and transforms them into a dry animal feed 
substitute. Environmental Products and Services of Vermont, Inc. performs an array of waste 
management services, including organic waste processing to different outlets such as animal feed and 
compost; of their facilities is located in Glenmont, New York. Full Circle Feed, based in Syracuse, 
transforms buffet food waste into dog biscuits. A few different dairy based facilities are diverting to feed 
under the BUD system. For example, H.P. Hood, LLC, a cheese manufacturer with a location in Vernon, 
New York has two different permits for diverting food products to feed. Losurdo Foods, Inc. an Italian 
foods manufacturer, diverts mostly cheese and dough, as well as Insight Dairy, LLC based in Little Falls, 
New York. F.X. Matt Brewing Company has a beneficial use determination permit for their non-
recognizable brewing waste for feed. Two non-food based companies are also diverting to feed, Northeast 
Biofuels in Fulton and Ayerst Laboratories Inc., a pharmacy manufacturer, in Rouses Point. According to 
Beyond Waste (2010), 166,648 tons of waste were recycled for animal feed in New York in 2010. This is 
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roughly 5% of the 3.2 million tons of food scraps generated in New York across all MSW or 9.7% of 
industrial waste (Beyond Waste, 2010). As stated previously, the United States estimate for combined 
recovery to all diversion pathways including both industrial and commercial as well as residential MSW 
is 2.8% (Municipal Solid, 2011). Without access to all data sources, the discrepancy between New York 
and the United States as a whole could be due to a difference in calculation methods and scope. For 
example, as discussed above, the animal feed BUDs likely include food by-products and not just food 
waste. 
 
BUD Company City Source Type Beneficial Use 
961-8-19 Baskin Livestock Batavia Food Animal Feed 
1009-0-00 Environmental Products & 
Services of Vermont, Inc. 
Glenmont Food Animal Feed 
1081-7-27 Full Circle Feed Syracuse Food Animal Feed 
984-6-33 H.P. Hood, LLC Vernon Non-recognizable Food 
Processing Waste 
Animal Feed 
985-6-33 H.P. Hood, LLC Vernon Non-recognizable Food 
Processing Waste 
Animal Feed 
1053-6-45 Losurdo Foods, Inc. Heuvelton Non-recognizable Food 
Processing Waste 
Animal Feed 
1057-6-33 FX Matt Brewing Company Utica Non-recognizable Food 
Processing Waste 
Animal Feed 
1063-6-22 Insight Dairy, LLC Little Falls Non-recognizable Food 
Processing Waste 
Animal Feed 
816-7-38 Northeast Biofuels Fulton Spent corn, grain Animal Feed 
371-5-10 Ayerst Laboratories Inc. Rouses 
Point 
Sugar Solution Feed (Cattle-
Supplement) 
Table 4.9 - New York State granted BUDs for Animal Feed 58 
 
According to the Organic Resource Locator, there are roughly 35 active anaerobic digesters in New York; 
the majority of them are located on dairy farms.28 The distribution of facilities across the state is shown in 
Figure 4.9(a) below. The composting facilities are shown in Figure 4.8(b); there are 93 locations with 72 
showing food scraps as one of the major feedstock sources at the facility. The figure also includes food 
banks (Figure 4.8(c)) and the thirteen active BUD sites within the state (Figure 4.6(d)).28 
 
																																								 																				





Figure 4.9 – (a) Anaerobic Digestion locations 
(b)Composting facilities 
 (c)Food Bank facilities 
(d) Beneficial Use Determination locations28 
	
4.5 Stakeholder Comments 
An important aspect of growing an industry is to first understand the current state of the market and the 
barriers to achieving the desired level of improvement. The most accurate information would be gleaned 
from a statewide survey or audit. Official documents from the DEC indicate very few facilities are 
registered to process FFP. Additionally, as stated above, New York State is interested in diverting more 
food waste to animal feed. More general data and better data are required to effectively increase FFP as a 
broadly applied food waste conversion method. To contribute to the overall industry awareness, 
discussions were conducted with various stakeholders in the industry. While these responses may not be 





conducted in order to get a better understanding stakeholder sentiments. The following summary 
highlights the most relevant information acquired from these stakeholder discussions. 
 
• Knowing the origins of the feed ingredients is important. 
According to one discussion, a facility has a sense of responsibility for the product delivered. It is difficult 
to have full confidence in that product unless all of the inputs come from known sources. Nutrition is only 
one component, it is also a feed contamination issue, or the new ingredient may have unpredictable 
behavior in the milling equipment, i.e., gum up the system due to excess moisture or tackiness. 
 
● The introduction of FSMA may be too much risk/work to justify continuing to divert to animal feed. 
As stated above, FSMA elevates the level of responsibility and steps required to participate in the animal 
feed supply chain. As such, one of the stakeholders expressed hesitation for diverting to animal feed once 
FSMA took effect given the alternatives available. Without the proper economic incentives, it is likely not 
going to be worth the effort to continue to divert to animal feed given their knowledge of FSMA’s 
requirements.  
 
● Large-scale food processors are already diverting their wastes from landfills (including inedible 
waste), much which goes to animal feed. 
According to several stakeholders, food waste streams, including food by-products, from large 
manufacturers are likely all diverting to animal feed. In some cases, if the waste stream is of high enough 
feed value, i.e. low moisture and proper nutritional content, then food processors have been approached 
by feed suppliers about acquiring their waste. Large volume manufacturers have the benefit of producing 
a more consistent product in higher volumes that are worth transporting and processing into a feed.  
 
● On a large scale, diverting food scraps to animal feed is already cost effective and a fairly smooth 
process*. However, there are a few ways to make it more accessible to other businesses. 
(*from companies currently diverting a portion of their waste to feed)  
More food processors may get involved in diverting to animal feed with the right knowledge or access to 
the proper equipment that is used to store or compact food waste until it can be picked up. Additionally, 
according to one stakeholder, low volume waste streams become a lot more attractive as potential FFP 
when their wastes are aggregated. When products are bundled together, variability (in moisture, volume, 




● It can be difficult to justify separating food waste into different waste streams unless the price is right. 
For a business that handles multiple different types of food waste streams, e.g. a grocery store, there 
needs to be observable benefit (i.e. cost savings), which outweighs the risk of contamination or cost of 
labor to separate food waste into different collection bins. Not all food waste is of the same quality when 
it comes to animal feed, and not all of it can be legally diverted to animal feed. Another outlet, such as 
composting, can be viewed as much more convenient and accessible over animal feed.  
 
4.6  Conclusions 
New York State’s main food production industries are potentially valuable inputs for FFP. Based on the 
2008 estimates of diverting 160,000 tons of the 1.7 million tons of industrial food scraps to feed, there is 
considerable room for growth (Beyond Waste, 2010). More accurate and up-to-date data on waste being 
generated across the state will provide detailed guidance into areas of focus, i.e. regional hotspots of 
quality food products or specific industry clusters with high potential for diversion.  
 
As will be discussed further in Chapter 7 (Identification of Feed from Food Product Development 
Opportunities for New York State), to increase FFP within the State, a few different steps should be 
taken. The recommendations to be provided, based on a thorough review of the state of the FFP industry, 
generally coincide with the guidance given by the DEC from Beyond Waste (2010). The agency’s 
recommendations are to provide guidance and information through various media, develop relationships 
between generators and farmers, and provide assistance to the system’s stakeholders. While this report is 
five years old, the guidance still holds true; information sharing, developing ongoing partnerships, and 
providing support are an important part of developing the FFP industry. This is especially the case now 
that Food Safety Modernization Act (FSMA) is being applied to all food and feed related businesses. As 
stated in the Beyond Waste (2010) report, “The commercial and institutional waste stream often contains 
significant quantities of valuable material. However, many companies do not have the time or expertise to 
identify the value in their materials or to design programs and systems to source separate those materials,” 
(Beyond Waste, 2010). Five years later it does not appear that the State has fully tapped into the valuable 
resources that businesses are throwing away. 
 
As a part of the Beyond Waste (2010), the DEC held forums with a group of generators as well as 
representatives from the anaerobic digestion and composting industries. One important point brought up 
in these meetings was that there was a lack of capacity at the recovery centers, i.e. at compost and AD 
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facilities. Based on information available, it is also the case that FFP processing facilities lack the 
capacity to handle an increase in demand if such a shift occurs. As FFP continues to be promoted, special 
attention should be made to matching capacity with demand.  
 
There are three important factors affecting New York’s potential increased use of FFP as a diversion 
pathway. These factors include increasing processing capacity and FFP product demand (interrelated), 
educating the public (more importantly, the relevant stakeholders) on this pathway, and employing a 
catalyst that drives food waste generators to choose to FFP as the appropriate diversion outlet. The first 
requirement may necessitate grant funding or private investment to increase capacity and lower FFP 
processing costs. The second involves impacting stakeholder perception through: increasing visibility of 
FFP as a long-term, cost-effective, and environmentally preferable alternative to landfilling, supporting 
the relationships between food waste generators, FFP processors, and feed mill operators, and providing 
the data to reinforce that FFP is a nutrient-rich and stable product. The final requirement is that there must 
be a catalyst that motivates the entire system into motion. As stated earlier, in places such as Japan, 
Korea, and Europe, there was at least one mechanism that appeared to be a driver for the increase in FFP. 
In New York, that likely catalyst is a food waste landfill ban or a significant increase in landfilling costs 
along with the mechanisms mentioned above. Additionally, based on Governor Cuomo’s State of the 
State address in January 2016, a landfill ban for large generators in New York may be coming in the near 
future. 
  
As described above, animal feeding is not the only viable outlet for recovering food waste in New York 
State. Thus far, the focus has been on increasing food waste diversion to animal feed with discussion 
around the environmental impacts and variability of such a decision. While feeding animals is a more 
preferred pathway on the EPA waste hierarchy, does it always have a “better” environmental outcome 
than composting or anaerobic digestion? As discussed in Chapter 3, there is significant variability in 
material inputs and how feed is being processed; does this impact the environmental outcomes as well? 
Answers to these questions should be understood before a strategy for increasing FFP in New York is to 
be implemented. Comprehending the environmental impacts of each alternative will help guide the 
tradeoffs between each pathway. In Chapter 5, published environmental assessments on food waste 
diversion are reviewed. Following this review, a life cycle assessment of a FFP processing operation is 
described, wherein the specific characteristics of food waste utilization in New York State (i.e. food waste 




5 Evaluation of Existing Environmental Analyses on Food Waste to Animal 
Feed 
5.1  Introduction 
The purpose of this chapter is to comprehend the current status of literature around generating feed from 
food products (FFP). Animal Feeds Explained (Section 2.5.2) already reviewed the studies which 
evaluated the animal growth performance based on food waste nutrition characteristics. Instead, in this 
section, the purpose is to review what conclusions have been drawn when the food waste diversion 
pathways have been compared environmentally. As stated afore, the EPA along with the EU and other 
regions follow a food waste diversion hierarchy. It is important to verify, however, if this direction 
generally points to the most sustainable alternative among the various recovery pathways. Most of the 
literature identified below does not include source reduction or feeding people in their analyses. In these 
instances, the food is not lost or wasted from the food chain, or there is minimal energy put into recovery. 
 
Beyond these pathways, the “best” alternative is less clear, and generally been based on the lowest 
greenhouse gas emissions. In the review paper by Bernstad and la Cour Jansen (2012), which reported on 
the food waste recovery assessments from 2000 to 2010, found the results to be inconclusive. Animal 
feed was not discussed in this comparative analysis. Of the methods considered, seven out of eleven 
identified anaerobic digestion as the most preferable pathway, large-scale compost was preferred in four 
of twelve papers, and incineration with energy recovery was identified as the best option in three out of 
nine papers (Bernstad and la Cour Jansen, 2012). What makes this review challenging is the inconsistency 
in the analyses. Not all of the alternatives have been included in each paper. Additionally, the feedstock 
material and assumptions vary. This chapter is meant to shed light on some of those differences, as well 
summarize previously published papers which do include animal feed as one of the diversion pathways.  
 
5.2  Introduction to Life Cycle Assessment 
Environmental evaluations are often performed using a standard technique called life cycle assessment 
(LCA). LCAs are widely used in literature to evaluate or compare a product or process through human 
impact parameters such as global warming potential and acidification. An accepted method for 
performing an LCA is documented in ISO standard 14040:2006. To fully comprehend the impacts of any 
given product or process, all of the upstream processes are generally included in the scope and allocated 
to that product. For example, the activity of making a cup of tea using an electric teakettle also 
incorporates the impacts associated with manufacturing the teakettle, the building it was manufactured in, 
76 
 
the electricity used to power the kettle, and the truck used to transport it to the store, etc. In this example, 
every individual cup of tea does not bear all of the environmental impacts defined above. The burden is 
spread across the entire lifespan of the product and is normalized to the functional unit defined in the life 
cycle assessment. If it was known that the teakettle would last for five years, but the functional unit 
defined for the LCA was set to two years, to burden calculated would be 2/5 of the total.  
 
According to the ISO standard, the goal and scope of every LCA include the functional unit description 
along with the system boundary, and the purpose of the assessment, among other things. In addition to the 
goal and scope definition is the life cycle inventory (LCI) assessment and the impact analysis. The LCI 
contains all of the data and assumptions included in the scope boundary; this data is used to generate the 
impact assessment that equates the inventory values, i.e. tons of CO2 into categories such as global 
warming potential, ozone depletion, and ecosystem toxicity.  
 
5.3  Literature Review 
In literature, there are a number of life cycle assessment studies focused on the most sustainable methods 
for managing organic waste, namely separated municipal solid waste or simply food waste. Many of these 
research endeavors exclude animal feed from the analysis. Some of the reasons may include: (1) the case 
study being evaluated does not currently have animal feed as an alternative, (2) the types of food products 
lost are not appropriate for animal feed, (3) the feedstock cannot legally be fed to animals for that region 
(4) the authors lack knowledge or data about diverting to animal feed. According to Ogino et al. (2007), 
“While the environmental impacts of food waste treatments, such as composting and bio-gasification, 
have been evaluated… there has been no evaluation of the environmental impacts of producing FFR 
[feeds from food residues].” Since this paper was published in 2007, there have been less than ten LCA 
based journal articles that have included animal feed as an outlet for food waste recovery, all of which are 
summarized in the next section. 
 
Of the 25 papers identified in the review paper by Bernstad and la Cour Jansen (2012), only two included 
animal feed production as an available alternative. Among those reviewed, many countries were 
represented including Spain, Sweden, South Korea, Japan, Italy and the UK. Only one paper from the 
United States, Cabaraban et al. (2008), was included in the Bernstad and la Cour Jansen (2012) review 
paper. All 25 papers assessed the impact category of global warming potential and most investigated 
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acidification potential, however, beyond these two parameters the assessments varied (Bernstad and la 
Cour Jansen, 2012).  
 
Some of the recent non-feed related life cycle assessments include Levis and Barlaz (2011) and Aye and 
Widjaya (2006). The Levis and Barlaz (2011) paper was based in the United States and the authors 
analyzed multiple landfilling and composting alternatives with anaerobic digestion using a feedstock of 
food waste from restaurants and food processing plants. Anaerobic digestion was demonstrated to be the 
most favorable alternative by having a negative carbon impact (Levis and Barlaz, 2011). Aye and 
Widjaya (2006) from Indonesia, used the organic fraction from municipal solid waste for their life cycle 
assessment. The technologies considered were landfilling, composting and biogas production; their results 
also yielded biogas production as the best recovery method with composting second and landfilling third.  
 
Based on a thorough search of literature, a summary of the eight known food waste diversion LCAs 
which included animal feed was prepared in Table 5.5. Table 5.6 contains the numerical summary various 
outcomes by diversion pathway. Of the LCAs included, five came from Asia (two from Korea, two from 
Japan, and one from Thailand), and the rest were European studies (one from Belgium, one from The 
Netherlands, and one from Sweden). As shown below, the feedstock materials vary by region; all three 
European analyses chose particular inputs, such as beet tails or bread, whereas in Japan general 
commercially lost food products was used, and in both Korea and Thailand the feedstock was primarily 
separated residential food waste. To the author’s knowledge, no relevant life cycle assessment of a FFP 
process was published before 2007. The GHG emissions results discussed below may be either positive or 
negative, depending on the scope of the system described. None of the outcomes include landfill 
avoidance in the global warming potential calculation. If this diversion benefit was factored in, all results 
would be negative due to the GHG savings from landfill avoidance. In the instances where the outcomes 
are negative in Table 5.5, the avoidance credit from animal feed, conventional fertilizer, etc. is a greater 
GHG benefit (negative values)  than the GHG impacts (positive values) from processing activities. 
Landfilling emissions reported in three of the studies described below were 408 kg CO2 eq. per ton of 
food waste (Lee et al., 2007), 572 kg CO2 eq. per ton of food waste (Menikpura et al., 2013), and 914 kg 
CO2 eq. per ton of food waste (Kim and Kim, 2010).   	
 




As stated before, this LCA paper was the first to include animal feed in a food waste diversion analysis. 
This paper did not compare FFP with anaerobic digestion or composting but instead focused solely on 
various techniques for processing wet and dry feed as well as incineration, the incumbent waste 
management technique in Japan. As shown in Figure 5.1 below, there is a fairly large spread for GHG 
from dehydrated FFP (DH), and is on average slightly higher than the incineration case. Across the DH 
facilities C, D, and E, three different drying techniques were employed; Facility C used steam heating, 
Facility D fried and dried under reduced pressure, and Facility E utilized available waste heat from an 
adjacent process. By incorporating essentially free heat, Facility E had significantly lower fuel use than 
the other two. Liquid feedstock requires minimal processing and is therefore the “best” alternative for 
global warming potential. Also, unlike some of the other literature mentioned, Ogino et al. (2007) used a 
functional unit for a common output of animal feed at a specific energy content rather than a set input of 
food waste. This can be a more meaningful comparison if the feed nutritional content across all 
alternatives is not the same. If the GHG savings from commercial feed processing (600.3 kg CO2 per ton 
feed) were incorporated into the FFR numbers, processors C, D, and E would have outcomes of 968.8 kg 
CO2 per ton feed, 690.6 kg CO2 per ton feed, and -242.4 kg CO2 per ton feed respectively (Ogino et al., 
2007). As discussed below, all other papers were utilized a functional unit of kg CO2 per ton food waste 
rather than per ton of feed. The estimated GHG emissions in terms of a ton of food waste for facilities C, 
D, and E were 205 kg CO2 per ton food waste, 125 kg CO2 per ton food waste, and -144 kg CO2 per ton 
food waste respectively. These numbers were not incorporated into the summary tables below due to 
uncertainty in the calculation method. 
 
  
Figure 5.1 - Liquid (LQ) and dehydrated (DH) feed GHG emissions compared to incineration (IC) by process step (Reproduction 
of table by Ogino et al., 2007) 
Lee et al. (2007) 
 
This Korean study analyzed diverting general MSW to various pathways, including dry feed production, 
composting, incineration, and landfilling. Transportation was outside of this LCA’s system boundary. The 
moisture content of the input food waste was roughly 80%. Minimal detail was provided about the steps 
involved in processing of FFP, other than the presence of screening, shredding, dewatering, and drying 
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operations. Energy inputs into the feed processing included 19.4 kWh, 0.1 liters of diesel, and 35.8 m3 of 
liquid natural gas per ton food waste. As shown in Figure 5.2, only 0.15 ton of feed was generated from 
one ton of MSW, with 0.12 ton of waste sent to landfill, and 0.37 m3 of wastewater sent to treatment. The 
GHG savings from soybean feed substitution, 0.22 kg CO2 eq., only reduced the total GHG emissions by 
roughly 1%. Overall, feed manufacturing had the lowest GHG emissions of all the alternatives presented 
(Table	5.5), however, it has the highest eutrophication level due to the wastewater generated. 
  
Figure 5.2 - Feed Processing System Boundary 





Figure 5.3 - Environmental Impacts by Food Waste Recovery Method Lee et al. (2007) 
(Reproduction of figure by Lee et al., 2007) 
 
Kim and Kim (2010) 
 
 These authors analyzed the recovery of residential food waste in Korea using dry feed, wet feed, 
composting and landfilling. The authors assumed that the food waste based products generated in the 
study were functionally equivalent to the incumbent commercial products. The dry FFP processing was 
described at length in this paper, and included multiple shredding and sorting steps, as well as dewatering 
and drying. This LCA did include transportation for both inbound and outbound food products and 
wastes. This step contributed roughly 6.4% of the total greenhouse gas emissions for dry feeding, whereas 
feed processing and final disposal of processing losses accounted for 53 and 41% of the total GHG 
emissions, respectively; the full breakdown for each diversion pathway is shown below in Table 5.1. The 
energy inputs for feed processing included 32.5 kg LNG and 24.6 kWh for processing one ton of waste. 
































Table 5.1 - GHG emissions by pathway and process step 
(Reproduction of table by Kim and Kim (2010) 
 
Takata et al. (2012) 
 
These authors analyzed five different recovery options for lost food products, including dry feed, wet 
feed, anaerobic digestion, and two composting alternatives, machine integrated and windrow composting. 
The food products recovered by each outlet varied by type, a summary is shown in Table 5.2. For 
example, the majority of FFP was made up of bread products. Transportation was not included in the 
system boundary of this study, and there was minimal processing information for dry feed processing. 
Takata et al. (2012) merely explained that the food products are separated from packaging, mixed and 
crushed then dried with propane as the source fuel. In this analysis, the entire ton of food products were 
recovered for the wet feed process, however, 330 kg were lost in the making of dry feed; only 670 kg FFP 
was produced (Takata et al., 2012). 
 
As shown in Table 5.3, the dry feed process produces the highest greenhouse gas emissions, but also has 
the greatest substitution effect, thus making it the most favorable alternative for GWP. The black boxes 
on each option in the figure show the amplitude of the total GWP when GHG emissions are subtracted 
from the benefits. Anaerobic digestion (with feedstock almost equal parts vegetables and bread) was 
slightly better than wet feed as the next best GWP alternative.  Both composting options had positive net 




Table 5.2 - Feedstock inputs by recovery option from Takata et al., 2012 
 
Table 5.3 - GHG results by food waste recovery option in Korea 
(Reproduction of table by Takata et al., 2012) 
 
Menikpura et al. (2013) 
 
 This study analyzed the recovery of household waste to various outlets in the Muangklang region of 
Thailand, including wet animal feed, composting, anaerobic digestion, and landfilling. According to the 
authors, 23 tons of MSW is generated every day in Muangklang, of which, two tons is food or vegetable 
waste; 0.2 tons per day of organic slurry goes to anaerobic digestion, 1.5 tons per day of organic waste is 
sent to composting, and 0.3 tons per day of the organic waste is recovered for animal feed. Within the 
analysis the landfilling greenhouse gas results included mixed MSW not just food waste. Due to a lack of 
data, the GHG savings from avoiding the production of conventional feed was not included. Although all 
alternatives outside of landfilling had negative GHG emissions, composting has the most favorable 
outcome relative to global warming potential, as shown in Table 5.4 below. 
 




Composting Use as Animal 
Feed 
Landfilling 
Process \ Pathway (per ton organic (per ton organic (per ton organic (per ton mixed 
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slurry) waste) waste) MSW) 
Transportation 5.8 5.8 5.8 15.2 
Processing 0.79 4.8 Negligible 2.7 
Treatment 4.2 189 38 554 
Credit for recovered 
materials/energy 
-69 -418 0 0 
Credit for landfill 
avoidance 
-213 -893 -893 0 
Total GHG emissions -270 -1111 -848 572 
Table 5.4 - GHG outcomes from various components included the Muangklang, Thailand MSW  
(Reproduction of table by Menikpura et al., 2013) 
 
 
Vandermeersch et al. (2014) 
 
In this Belgian paper, only two recovery pathways were analyzed, anaerobic digestion and dry animal 
feed. The lost food products came from commercial sources. This study was uniquely done as compared 
to its counterparts in Table 5.5, therefore it is hard to directly compare the GWP results. The outcome, 
however, is still relevant to the discussion. Two different recovery strategies were analyzed. The first was 
to send all food waste to anaerobic digestion and the second was to still send the majority of the waste to 
anaerobic digestion as well as have the bread fraction, 10% by weight, be processed into dry animal feed. 
The “better” alternative was not consistent from impact type to impact type. Specifics to GWP, anaerobic 
digestion only had the lower impact by just under 30 kg CO2 eq. The authors explain this is mainly due to 
the amount of fossil fuel energy avoided by the generation of heat and electricity from AD, which 
outweighed the GHG benefits of the animal feed pathway. 
 
van Zanten et al. (2014) 
This paper documented a consequential LCA based in the Netherlands. The paper analyzed the effects of 
sending beet tails, a by-product of sugar production from sugar beets, to animal feed instead of anaerobic 
digestion. Every ton of beet tails diverted to animal feed displaced approximately 95 kg of barley, 
whereas every ton of beet tails substitutes 459 MJ electricity, 240 MJ of heat, and some amount of 
organic fertilizer. Few details were included regarding the processing of the beet tails for feed, although 
transportation was included in the analysis. When land use change (LUC) was not considered in the 
results, diverting one ton of beet tails to animal feed over anaerobic digestion resulted in an increase of 
GHG emissions by 50 kg CO2 eq. If LUC was included, the outcome changed; recovering one ton of beet 
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tails for animal feed in lieu of AD resulted in a decrease of GHG emissions by 239 kg CO2 eq. Given the 
nature of this study it is difficult to compare this result to the other studies considered in this section. 
 
Eriksson et al. (2015) 
 
In this LCA, five of the main food products lost in Swedish grocery stores (bananas, grilled chicken, 
lettuce, beef, and bread) were analyzed. The end-of-life pathways included landfill, incineration, 
composting, anaerobic digestion, wet animal feed delivered directly to farms, and food pantry donations. 
Each food item was evaluated separately, which is a different approach than all other studies included in 
this analysis. Transportation was included in the analysis. The banana, lettuce, and bread based FFP was 
supplemented for oats based feed, and the chicken and beef replaced soybean feed. The oats were 
assumed to have an emissions factor of 0.42 kg CO2/kg and the soybeans a factor of 0.66 kg CO2/kg. The 
results are shown in Figure 5.4. Wet animal feed is neither the best nor the worst food recovery method 





Figure 5.4 - GHG emissions by food type and recovery option 
(Reproduction of figure by Eriksson et al. 2015) 
As shown in Table	5.6 below, only four of the studies included dry feed in an attributional LCA: Lee et al. 
(2007), Ogino et al. (2007), Kim and Kim (2010) and Takata et al. (2012), and. The dry feed process 
assessed by Takata et al. (2012) generated significantly more feed, 670 kg, per ton of food waste than the 
rest of the studies, mainly because the inbound food waste had much lower moisture content. Takata et al. 
(2012) used an average starting moisture of 35% as compared to Lee et al (2007) at 57%, generating only 
150 kg of feed, and Kim and Kim (2010) with a moisture range between 77% and 81% to generate 125 kg 
of feed per ton of food waste. None of these assessments included avoided landfill impact but did account 
for the avoided production of conventional animal feed. Takata et al. (2012) and Kim and Kim (2010) had 
similar avoidance impacts. For Takata et al. (2012), the feed savings was 286 kg CO2 per ton of food 
waste or 0.42 kg CO2 per kg feed, and for Kim and Kim (2010) the GHG savings was 104 kg CO2 per ton 
waste or 0.8 kg CO2 per kg of feed. Lee et al. (2007) included a much lower substitution value of 0.0015 
kg CO2 per kg of feed which only equates to 0.22 kg CO2 per ton of food waste. 
Banana	 Chicken	 Lebuce	 Beef	 Bread	 Average	
Landfill	 1400	 3100	 210	 2100	 1900	 1742	
Incinera:on	 100	 -310	 250	 3	 -670	 -125.4	
Compos:ng	 43	 43	 43	 43	 43	 43	
Anaerobic	Diges:on	 -380	 -260	 -47	 -670	 -550	 -381.4	
Animal	Feed	 -11	 -38	 5	 -30	 -130	 -40.8	














































Waste (in kg) 
Results (Global 
Warming 
Potential)* in kg 
CO2 eq. by 
Alternative 








- Feed avoidance not included in 
dry feed numbers, commercial 
feed production impact added onto 
incineration results 
- Transportation included in results 
- Drying fuel energy sources 
include natural gas, heavy and 
recycled oil, and waste heat 
320 kg (avg.) 
(1) Dry Feed: 
+1072.6  




Lee et al. 
(2007) Korea General MSW  80% 
- Soybean feed avoidance was 
included in the model (1.45 kg 
CO2/kg feed) 
- Transportation was not included 
in the model 
- Main fuel source was liquid 
natural gas 
150 kg 









Kim (2010) Korea 
Residential 
food waste  80% 
- Corn feed avoidance was 
included in the model (0.8 kg 
CO2/kg feed) 
- Transportation was accounted for 
in the model 
- Drying energy fuel source was 
liquid natural gas 
138 kg 
(1) Dry Feed: +96 


















- Feed avoidance was included in 
the model (0.43 kg CO2/kg feed) 
-Transportation was not included 
in the mode 
-Drying energy fuel was propane 
670 kg 
(1) Dry Feed: -126 











et al. (2013) Thailand 
Household 
organic waste  Unknown 
-Feed avoidance was not included 
due to lack of data, product 
avoidance from composting and 
AD were included 
-Transportation was included in 
the model 
-No drying energy fuel; wet feed 
only 
Approximatel























to animal feed 
 
-Feed avoidance was not included 
when GHG emissions were 
calculated 
-Transportation was included in 
the model 






(1) AD and 
Animal Feed: 
+84.9 





et al. (2014) 
Nether-
lands Beet tails 
 
Unknown 
- Feed avoidance credit was 
included. It was based on the 
energy content per kg of feed as 
compared to barley (substituted) 
- Transportation was included 
- No drying energy fuel; wet feed 
only 
Approximatel








increased by 50 kg 
CO2 eq. when beet 
tails were diverted 















- Feed avoidance credit was 
included. For bananas, salad, and 
bread the substitution was based 
on the energy content of oats (0.42 
kg CO2/kg feed). For beef and 
chicken the substitution was based 
on the protein content of soybeans 
(0.66 kg CO2/kg feed) 
- Transportation was included 
- No drying energy fuel; wet feed 
only 
Approximatel


















Table 5.5 - Environmental literature matrix 
*all results adjusted to have the same functional unit of 1 ton of food waste with exception of Ogino et al. (2007) which used 1 
ton of animal feed. 
** In the Takata et al. (2012) paper the inputs vary by recovery alternative, the breakdown is shown in Table 5.2 
*** Only bread results are shown, the remaining results are shown in Figure 5.4(Eriksson et al., 2015) 
 
Type # of Studies 
Median Mean Range 
(in kg CO2 eq./ton food waste) 
Dry Feed 3 35.6 1.9 (-126,96) 
Wet Feed 5 -48 -30 (-284,268) 
Anaerobic 
Digestion 4 -53 -150 (-550,56) 
Composting 6 24 9.4 (-218,270) 
Landfilling 4 732 943 (408,1900) 
Table 5.6 - Summary of outcomes from literature in kg CO2 eq. / ton food waste 
Comparison of the numerical results, summarized in Table 5.6, indicate that dry and wet feed pathways 
are both clearly preferable to landfilling. However, there is not a clear delineation among the two FFP 
options, composting and anaerobic digestion. This can likely be attributed to differences in feedstocks 




5.4  Literature Gaps 
The published literature covers a limited scope of food waste to animal feed scenarios. As described 
earlier, there are a number of different opportunities and pathways for recovering food waste for animal 
feed, only a few of which are represented in existing research. From the review provided above, three key 
gaps in the literature were identified:  
• There were no studies that included animal feed based in the United States. This is significant 
because laws, waste feedstock, and other relevant factors that are unique to this region have not 
been evaluated. For example, it is illegal to divert MSW to animal feed in New York. 
Additionally, transformation to animal feed of one feedstock ingredient is missing a lot of what 
goes on in industry.  
• The majority of studies do not thoroughly address the issue of packaging in their analyses. 
Eriksson et al. (2015) in their evaluation of supermarket food waste included packaging in their 
functional unit. That being said, however, they assumed the separation was manual and that 
performing this operation was unlikely. “This extra work makes this scenario less likely, but it 
was assumed here that this extra work was done and that it did not produce greenhouse gas 
emissions” (Eriksson et al., 2015).  
• Many of the papers assume that the food waste generated feed is functionally equivalent to a 
conventional animal feed of the same mass. This is very unlikely given the variety of the potential 
food waste inputs as well as the variation in nutrition content within each ingredient.   
 
6 Life Cycle Assessment of Food Waste to Dry Animal Feed Processing 
6.1 Chapter introduction 
 
The purpose of this portion of the thesis was to contribute to the knowledge gap surrounding the 
environmental consequences of feed from food products (FFP) by performing a life cycle assessment 
centered on a FFP processor located in Upstate New York. As stated in Section 5.4, the current research 
does not account for all of the variability in the FFP industry, i.e. handling packaged food products, 
substituting different conventional feeds, and additional processing techniques. This chapter is structured 
to follow the International Organization of Standardization’s framework for a lifecycle assessment. 
Chapter 6 begins by explaining the motivation and background for the LCA, followed by the 
assessment’s goal and scope, data assumptions and life cycle inventory. The chapter ends with a 
sensitivity analysis of key variables including transportation, energy supply, and moisture content, along 
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with the interpretation of results comparing the LCA’s conclusions to FFP as well as composting and 
anaerobic digestion findings in literature. As discussed in the preceding chapter, the most favorable 
outcome can depend greatly on the assumptions and inputs included in the model. This LCA, including 
the sensitivity analysis, should provide more relevant results to New York State to better understand 
under what conditions FFP may be a preferable food waste disposition option. 
 
6.2 LCA motivation and background 
 
The first step in any LCA is to document the motivation and background of the analysis. This enables the 
author of an LCA to clearly describe to his or her audience the intent or purpose behind the assessment. 
The motivation and background also play an important role in shaping the assumptions made, the scope 
included, and the types of sensitivity analysis performed.  
 
One of the main intentions of this thesis is to provide relevant information about the current FFP industry 
status and opportunities for future growth in New York State. The report includes an environmental 
analysis of diverting lost food products to animal feed over other applicable outlets, i.e. composting and 
anaerobic digestion. Part of the novelty is in utilizing data from a New York based FFP processor, to be 
described as ‘the processor’ from here forward, to better understand the implications of diverting to this 
pathway over another and what can be expected if diversion amounts are increased. As stated previously, 
the existing literature does not accurately capture the general practices or feedstock of FFP processors. 
The sensitivity analysis discussed below will also provide a better range of data outcomes based on 
varying key parameters that will likely change over time and from facility to facility. Additionally, 
besides Ogino et al. (2007), most LCA literature which considers food waste to animal feed conversion 
does not focus solely on the processing of feed from food products, they usually provide a high level 
summary of the major inputs and outputs for FFP and all of the other diversion methods analyzed. The 
intention with this LCA is to focus much more heavily on FFP then compare the results to literature 
values for all practical food waste outlets in New York. 
 
Most of the FFP data was gathered through stakeholder discussions and site visits at an Upstate New 
York facility, which processes various food products into livestock feed. A general process flow map and 
a Sankey diagram (to graphically characterize material and energy flows) are provided below. Literature 
data were used in cases where specific facility data was unavailable. Overall, this processor receives a 
variety of bulk and packaged goods from many different industries ranging in moisture and nutritional 
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content from both within and out of state. The final dry feed is generally utilized as an energy supplement, 
replacing corn, in livestock rations.  
 
6.3 Goal and Scope 
 
After the background and motivation are specified, the goal and scope provide the next level of critical 
detail that guides all other LCA actions. This step includes a specific definition of intention of the LCA, 
i.e. what gap in knowledge or problem it is anticipated to solve, system boundary, e.g. a cradle-to-gate or 
a gate-to-gate analysis, and the description of the functional unit. The functional unit explains the 
normalized unit of measure over a period of time, across a number of use cycles, or a given amount of 
mass or volume. This definition reduces confusion as to what is in scope, the lifespan considered, and 
enables multiple products to be compared that may have slightly different functions or lifespans.  
 
The goal of this life cycle assessment is to analyze the impacts of processing lost food products into dry 
livestock feed. The intentions of the assessment are to fill a few gaps in literature relative to feed from 
food products (FFP) by providing the first study based in the United States as well as incorporating 
feedstock ingredients and drying technologies that are more relevant to New York State and the rest of the 
United States. 
 
The scope of this LCA includes a gate-to-gate analysis of a FFP processor. This operation is one portion 
of the supply chain supporting feeding of livestock. Figure 6.1 shows a high-level process flow of feed 
growth and production through consumption. Figure 6.2 diagrams, at the same high level of Figure 6.1, 
how the overall supply chain changes when corn feeds are replaced with FFP. The difference, which also 
depicts the scope of this LCA, is highlighted in Figure 6.2 with the dotted lined box. Figure 6.3 includes 
the detailed version of the gate-to-gate boundary analyzed. As discussed earlier, FFP can be supplemented 
into animal’s diets for conventional concentrated feeds, such as corn or soybean meal. Depending on the 
nutrition content of the FFP, the rate of substitution into an animal’s mixed ration changes. For all three 
figures, transportation between process blocks is identified with a circled green “T”. In Figure 6.3 the 
black circles after each block identify material movement throughout the system. For example, “FW & P” 





The functional unit was set as the management of one metric ton of food waste from food waste pick up, 
to FFP processing, and delivery to the feed mill. This functional unit of managing one ton of food waste 
was chosen to align with the majority of most studies referenced above in Chapter 5. From one ton of 
food waste, this processor generates approximately 0.99 tons of feed. This yield is so high due to 0.15 
tons of commodity by-product filler which is added to the food waste mixture at the beginning of the 
process. The impact of including this filler is explained in greater detail below.  
 
While not all life cycle assessments outlined in Chapter 5 included transportation in their analyses, the 
variable was incorporated into this assessment because the information was readily available and is an 
important part of the process of collecting food products and delivering feed to customers. As will be 
discussed subsequently, transportation is one of the variables that is modified in the sensitivity analysis. 
While it is very valuable to focus attention on the process itself and less on the contextual parameters, 
variables such as transportation can contribute a substantial portion of the greenhouse gas emissions 
depending on the distances traveled. The sensitivity analysis around the transportation values identified 
the contribution range for various transport figures. This becomes relevant if similar FFP facilities are 
introduced in other locations around the State, because the average kilometers traveled would likely vary 
based on the region. 
 
To be consistent with literature as summarized in Table 5.5, as well as by Bernstad and la Cour Jansen 
(2012), this analysis evaluated the global warming potential of the system, in kg CO2 eq. per metric ton of 
food waste processed. This value can generally be compared to the values published in the papers cited 
above, such as Ogino et al. (2007), Takata et al. (2012) and Kim and Kim (2010). Some of the data shown 
below are also presented in terms of cumulative energy demand (CED) instead of GWP. This is done to 
better visualize the percent energy contribution of the different process steps within the system boundary. 
Most of the energy within the system comes from a low GHG-emitting source (wood chips). By 
reviewing CED, it is easier to understand the potential GHG impact if the energy source is changed to a 
fossil fuel-based one. This scenario is also addressed further in the sensitivity analysis by comparing 
different energy sources and their relative GWP. 
 
Unlike global warming potential, the available literature is not consistent regarding other impact 
categories are to be included in the analysis. A few of the studies analyzed eutrophication, due to the 
generation of wastewater. The FFP process considered in this LCA does not generate any wastewater; all 
of the water lost during the drying step is released as water vapor, not as liquid waste. As such, this study 
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did not include water based impacts, such as eutrophication. In this case, a more suitable set of impact 
categories is related to the air emissions generated by incinerating both wood chips and various types of 
packaging. Air quality values were not taken from the stack onsite; instead, the permitted limits on three 
separate contaminants were included into the LCA model as a worst case scenario. The impact 
contributions of carbon monoxide, nitrogen oxides, and PM10 are described below in the results and 
sensitivity analysis. Due to the nature of these three contaminants, the other two impact categories 
included in the LCA are photochemical oxidant formation and particulate matter formation. 
 
 
Figure 6.1 - High Level System Diagram of the Traditional Animal Feed Supply Chain 
Note: The  indicates transportation between process steps. The blocks within the dotted line box identify the system boundary 
for the LCA. 
 
 
Figure 6.2 - High Level System Diagram of the Feed from Food Products Supply Chain 
Note: The  indicates transportation between process steps. The blocks within the dotted line box identify the system boundary 




Figure 6.3 - Detailed System Boundary Diagram Feed from Food Products 
Note: The indicates transportation between process steps. The blocks within the dotted line box identify the system boundary 
for the LCA.  describe what material is being moved throughout the system; “FW & P” is short for food waste and packaging. 
 
Within the FFP process, as shown in Figure 6.3, inbound material is mixed according to a pre-determined 
recipe, shredded and screened, dried, then shredded and screened a second time before being sent to 
customers. Before and after the drying operation, the combined food waste and packaging stream 
(FW&P) has average moisture content of 22% and 9.5%, respectively. The packaging waste that is 
screened out during the process is combined with wood chips in a burner to generate the heat energy used 
to dry incoming batches of food products. As a part of this assessment, upstream processes for fuel 
production were included as shown in the offline process for fuel carriers. The food by-products which 
make up 15% of the total food ingredients introduced into the system were modeled as cost-free inputs. In 
this assessment, they carried none of the upstream life cycle burdens, e.g. GHG emissions from farming 
and production.  
 
While it appears there are a few FFP facilities in the United States which are employing packaging as an 
energy source (Table 3.8), the environmental impact of this practice has not been reported in the 
literature. Many of the other fuel sources include propane, liquefied natural gas (LNG), waste heat from a 
neighboring process, and steam heating. Within the subject FFP system, electricity is primarily used for 
conveyance, shredding, and separation; utility trucks, which run on diesel, are also employed to move 




Typical food product ingredients include: bakery waste, sweets, dairy waste, snack foods, cereals, pasta 
waste, etc. A commodity by-product feed ingredient is also added to the mix to reduce moisture levels 
and act as a filler. While this ingredient is also a non-traditional agricultural feed product, it is not 
included with the rest of the food products as landfill avoided material because the by-product feed is a 
purchasable feed ingredient and would not have gone to waste if it was not consumed in this process. The 
final feed, which is delivered to feed mills to be mixed into a larger recipe, maintains fairly consistent 
nutrition values equating to roughly 10% greater than the nutritional value of corn. The products avoided 
by this system, conventional feed production and the landfilling of food wastes, are all considered in this 
life cycle assessment. 
 
Figure 6.4 and Figure 6.5 illustrate critical FFP feed streams and unit operations. As shown in Figure 6.4, 
various inputs including both packaged and liquid ingredients are mixed, loaded, dried, and shipped. 
Steps not photographed include the screening, shredding, and packaging separation operations. In Figure 
6.5, the packaging and wood chips inputs for the burner are shown along with a photograph of the burner 
used to generate the heat for drying feed. As stated above, this burner is biomass based but several fuel 
types are actively being utilized in industry including propane and other fuel oils.  
 
 






Figure 6.5 - FFP Burner Feedstocks and Equipment 
Some of the high level assumptions are described below with more detailed conditions are discussed later 
in the chapter. As stated above, it is assumed that all food waste and packaging, besides the commodity 
by-product, would have gone to a landfill if it was not being utilized by this FFP processor. This is a fair 
assumption given the current low rate of food waste recovery in NYS. Additionally, this was verbally 
confirmed by the process owner during one of the site visits. Only one of the studies mentioned in 
Chapter 5 included landfilling food waste as a GHG credit. As such, the carbon emissions avoided by 
utilizing the food waste and packaging are modeled in the analysis to understand their impacts but are not 
incorporated into the final GWP values. Another assumption made was that conditions within and around 
the processing facility were held constant all year. Specifically, temperature and humidity were held 
constant throughout the year (average values for the area were taken), the facility was operated 24 hours a 
day, five days a week, for 50 weeks per year, supply, demand, and throughput were uniform throughout 
the year, and the packaging mix and packaging to wood ratio in the burner was held constant as well. 
Inbound and outbound trips were at full capacity, i.e. no space was wasted during transport or capacity 
losses due to bulk packaging.  
 
Figure 6.6 is a Sankey diagram showing the general material and energy flows within the system 
boundary. The scale has been normalized to the functional unit, management of one ton of food waste 
through the FFP facility from food waste pick up to animal feed delivery to a feed mill. The feed 
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ingredients are shown in various shades of green, from food waste, and feed filler, to the FFP or feed 
from food products, in dark green. Additional products, in the system (packaging and wood chips) are 
colored brown, the heat energy is red, and the water loss during drying is blue. The screened losses and 
ash generated from the burner are not shown. While they are included in the LCA model, their volumes 
are too small, i.e. less than 0.01 tons, to show up at the scale of the diagram in Figure 6.6. Given the 
weight of the material inputs into the system, including packaging, food waste, and the commodity filler, 
roughly 83% is eventually turned into feed. The majority of the loss is in water vapor.   
 
 
Figure 6.6 - Sankey diagram for FFP process 
 
6.4 Life Cycle Inventory 
 
The purpose of the life cycle inventory is to describe and document all of the inputs and outputs to be 
included in the assessment including any assumptions that are made. The data should contain all 
information relevant to the flows defined in the scope. This documentation enables others to understand, 
compare, or potentially replicate the assessment. 
 
The Appendix provides some of the values utilized in the LCA, all values have been normalized to one 
ton of output at each step then converted after the fact to the functional unit of one ton of food waste. This 
strategy does not impact the final results but was merely the execution method chosen for data entry. This 
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full table also includes the SimaPro process blocks employed to model the FFP process. A simplified 
version of that table is shown below in Table 6.1. The “Output Name” column is representative of each of 
the process blocks identified above in Figure 6.3. The “Input Name” and “Emissions Name” represent the 
inputs and output arrows that flow through each process step. Several of the key parameters taken from 
the processor, including transportation distances, food waste moisture content, and drying method, are 
unique to this FFP manufacturing method but have been modified in the sensitivity analysis in order to 
reflect a range of values more representative of industry. More details are provided in Section 6.5.  
 
Within SimaPro 8.0, the “Ecoinvent 3 – allocation, default – unit” database was utilized for all but one of 
the assessment inputs. The USLCI database was employed to model the payloaders used to move and 
load burner fuel (packaging material and wood chips), food waste, and feed throughout the facility. The 
Ecoinvent database was chosen for this project based on its wide use in the LCA community. According 
to the SimaPro website, Ecoinvent is the most widely recognized life cycle database utilized today.59  
 
As stated above, it was assumed that the trucks were transporting full loads of material. Additionally, an 
average trip distance was calculated based on total miles, total product moved, and average truck size. 
This information was used to generate the inbound food waste and outbound feed ton-km data in 
SimaPro. The trip distance for wood chip collection was given by the processor, and a distance to the 
nearest landfill was estimated using Google Maps. 
 
The specific amounts of plastic, cardboard, and other miscellaneous packaging types incorporated into the 
burner each day is highly variable depending on what goods are received. While the values were not 
critical from a burner energy generation standpoint, they are modeled in the LCA as being landfill 
avoided. As such, an estimate for weight percent contribution to the total packaging volume was 
generated based on visual inspection and discussions with the processor. As will be discussed in the next 
section, these avoided values are relatively small in proportion to the food waste avoided. Additionally, as 
stated above, to be consistent with literature, the products avoided from the landfill are not included in the 
final values for global warming potential, photochemical oxidant formation, particulate matter formation, 
and impacts and therefore are only included in Table 6.1 below. 
 
																																								 																				




Within the assessment, food waste and packaging were modeled separately when the landfilling 
alternative being considered. Based on the structure within waste treatment in SimaPro 8.0 this is the 
most appropriate method for including both materials. Not all food products which are utilized by the 
processor are packaged; the value fluctuates but close to half of the waste inputs by weight have some 
kind of packaging.  
 
As discussed above, the air emissions values modeled in the LCA were taken from the permitted limits 
for this processor: carbon monoxide, nitrogen oxides, and PM10. While these numbers are likely higher 
than what is actually being generated, using these values offer a worst-case scenario for the LCA. 
Table 6.1 - Life cycle inventory for FFP 
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Additionally, at the time of the analysis, there was no access to more accurate data. The effect of 
including these permitted limits into the scope is discussed further in Section 6.5. 
 
SimaPro 8.0 does not have the capability of modeling food waste landfilling scenarios as required by this 
LCA. Instead, the GHG emissions value for net landfill emissions from the EPA’s Waste Reduction 
Model was used. As shown in Table 6.2 below, the EPA is in the process of adding more resolution to the 
model by adjusting the emissions values by food product type. As of February 2016, the net landfill 
emission is shown as 0.78 metric ton of CO2 eq. per metric ton of food waste.60 When the emissions 
values are updated, a more accurate emissions value would be to combine grain, bread, dairy, and some 
fruits and vegetables’ emissions numbers proportionally to their mass contribution to the total amount of 
food waste collected. 
Material 
Net Source Reduction 
Emissions (mtCO2 eq./metric 
ton food waste) 
Net Landfill Emissions 
(mtCO2 eq./metric ton food 
waste) 
Food Waste -4.04 0.78 
Food Waste (non-meat) -0.84 0.78 
Food Waste (meat only) -16.65 0.78 
 Beef -33.13 0.78 
 Poultry -2.72 0.78 
 Grains -0.68 0.78 
 Bread -0.74 0.78 
 Fruits and Vegetables -0.49 0.78 
 Dairy Products -1.92 0.78 
Mixed Organics NA 0.78 
Table 6.2- Food waste landfill emissions EPA WARM4  
For this analysis, the annual burner energy output as well as the dryer energy demand were calculated 
using the equations shown below. Based on the given inlet and outlet temperatures, annual weights, 
moisture content, and heat content for the wood chips, the total heat energy was calculated. The gross 
calorific value (GCV) for the wood chips, based on a given moisture level of 10% was provided by 
Energy Conservation (2010). According to Energy Conservation (2010), for wood chips at 10% moisture, 
the average burner efficiency is 78%, this reduces the wood chip GCV from 17.8 MJ/kg to 13.9 MJ/kg. 
Additionally, the processor stated that on average the packaging contributes roughly half of the energy in 
the burner. As such, the total energy generated by the burner was simply twice the amount of energy 
produced from the wood chips. Without consistent values for amount and types of packaging, this was the 





energy values and weights for the packaging used in the burner on an annual basis, this data was not 
available.  The processor stated that the average burner supply energy is only roughly 7% greater than the 
demand average in the dryer, to account for expected fluctuations in temperature, product moisture, and 
packaging content throughout the year.  
• Dryer Equations 
 
𝑄! = 𝑚!  𝑐!  ∆ 𝑇          (1) 
Where 𝑄! is the heat energy (in MJ), 𝑚! is the mass (in kg), and 𝑐! (in MJ/kg K) is the specific heat (in for 
each term (water, packaging, and food waste). ∆ 𝑇 is the delta between the inlet and outlet temperatures in 
the dryer (in K). 
𝑄! = 𝑚 !𝐻!          (2) 
Where 𝑄! is the enthalpy of vaporization (in MJ), 𝑚 ! is the mass of the water vapor (in kg), and 𝐻! is 
the heat of vaporization (in MJ/kg). 
𝑄!  =  𝑄! +  𝑄!          (3) 
Where 𝑄! is the total heat demand (in MJ) 
𝑄! =  
!!
!!
           (4) 
Where 𝑄! is the heat demand of the dryer (MJ) and 𝜀! is the efficiency of the dryer. 
 
• Burner Equations 
 
𝑄!" = 𝑚!"  𝑐!"𝜀!         (5)   
Where 𝑄!"  is the heat energy (in MJ) of the wood chips, 𝑚!" is the mass of the wood chips (in kg), 𝑐!" 
is the specific heat for wood chips at 10% moisture (in MJ/kg K), and 𝜀! is the efficiency of the burner. 
𝑄! =  𝑄!"× 2          (6)  
Where 𝑄! is the energy provided by the burner (in MJ). This equation is multiplied by two because the 




The heat demand in MJ was calculated using Equation 4 above. The key terms are summarized in Table 
6.3 below. Additionally, the net heating value for the wood chips at 10% moisture content was 13.9 
MJ/kg.61. Water vaporization accounts for 74% of the total enthalpy of the system. As such, sensitivity 
was performed, as will be discussed in Section 6.5, around these values to better understand how 







Bakery	meal	output	 83%	 1.715	 19%	
Water	output	 16%	 4.18462	 7.1%	
Packaging	output	 1.0%	 2.123	 0.23%	
Water	Vapor	 ---	 1.996	 74%	
Table 6.3 - Dryer mass and enthalpy Contributions 
	
6.5 Impact Assessment and Interpretation 
 
As a part of this section of the LCA, the environmental impact categories included in the scope are 
analyzed given the inputs provided in the life cycle inventory. Additionally, the results are interpreted and 
discussed on a broader scale. A sensitivity analysis is incorporated into the activity as well in, to further 
understand the impact of LCA results. For this LCA, the impact assessment and interpretation review 
begins with a discussion of the base case, followed by a sensitivity analysis, and a comparison of findings 
with literature for FFP and other diversion pathways. The outcome of the life cycle assessment is shown 
below in Table 6.4. The three categories are climate change, photochemical oxidant formation (POF) and 
particulate matter formation (PMF). The GHG emissions value of -422 kg CO2 eq. per ton of food waste 
was much lower than (roughly 300 kg of CO2 eq.) any other FFP LCA in literature. The following 






61 Food and Agriculture Organization, The Fuel Value of Wood Residues, 
http://www.fao.org/docrep/t0269e/t0269e08.htm#6.3%20the%20fuel%20value%20of%20wood%20residues 
62 United States Geological Survey, Specific Heat Capacity of Water, http://water.usgs.gov/edu/heat-capacity.html 
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Table 6.4 - Base case LCA results for climate change, photochemical oxidant formation, and particulate matter formation 
 
As referenced above, the GHG savings from avoiding the landfilling of food waste is generally discussed 
in literature but not subtracted from the greenhouse gas totals for animal feed. If a landfill avoidance 
credit was included in the LCA model the GHG emissions outcome would have been close to -1200 kg 
CO2 eq. per ton of food waste as opposed to the -422 kg CO2 per ton of food waste outcome reported.  
 
Unlike climate change as an impact category, which was reported in all similar LCAs discussed in 
Chapter 5, POF and PMF were included to better understand the impact of the stack emissions. This was 
relevant because incinerating packaging in the burner was unique to this process. It was assumed that air 
quality would be negatively impacted by this part of the process. The percent contribution for the burner 
air emissions on photochemical oxidant formation and particulate matter formation are 58% and 61% 
respectively. That being said, each impact overall was only slightly greater than zero. The percent 
contribution for photochemical oxidant formation and particulate matter formation was determined by 
running the base case scenario with and without the stack emissions included and calculating the 
difference.  
 
The value contributions for process and feed avoidance are shown in Figure 6.7 and Table 6.5 below. The 
most significant contributor to the GHG result is the feed avoidance at 82%, followed by the 
transportation of food waste to the processor and feed to the gate of the customer, e.g. another feed mill or 
a farm. The processing and heating steps are minimal contributors relative to both transportation and feed 
avoidance. As a part of the sensitivity analysis below, changes are made to transport distances as well as 
heating fuel in order to better understand their impacts on the system’s overall GHG emissions.  
 
As discussed above, this process yielded roughly 0.99 tons of feed per ton of food waste due to a low 
starting moisture content (22%) and the addition of the commodity by-product filler. This yield is 
considerably higher than what has been reported in the literature. As described in Chapter 5, in these 
earlier studies the amount of feed generated per ton of food waste ranged between 0.14 tons (starting 
moisture content of 80%) and 0.67 tons (starting moisture content of 35%). While there are some losses in 
each FFP process due to separation of contamination, the main driver for yield is the starting food waste 





Figure 6.7 - GHG value contribution by process step in base case scenario 
Type GHG Emissions Contribution  
(kg CO2 eq. per ton food waste) 
Percent Contribution 
Total -422 100% 
Heating 4 1% 
Process 28 4% 




Table 6.5 - GHG value contribution by process step in base case scenario 
 
The intention of the sensitivity analysis, as described earlier was to yield a range of values, primarily 
greenhouse gas emissions, based on the variability within a few key parameters. This allowed for a better 
understanding of the potential outcomes for the particular processor studied as well as to provide an 
expected range of GWP values if a similar plant were to operate within the state. Key process type 
parameters considered for sensitivity analysis were transportation distance, incoming food waste moisture 
content, and drying energy source. Additionally, the system was analyzed with adjustments made to a key 







































The transportation to and from a processor is very context dependent. For this reason, a sensitivity 
analysis was performed around the payload distance. For each version shown below, the load moved was 
held constant and the distance traveled was modified. Values were changed equally for both inbound food 
waste and outbound feed; the payload distances for transportation to the landfill and wood chip supplier 
were not adjusted. This assessment included three different pairs (inbound food waste and outbound 
animal feed) of payload distances (in ton-kilometers), 100 tkm, 500 tkm, and 1000 tkm, totaling 200 tkm, 
1000 tkm, and 2000 tkm, as shown below in Figure 6.8 and Table 6.6. In the base case scenario, the 
combined inbound and outbound transportation is 460 tkm. The worst transportation case, 1000 tkm, 
generated an almost 200% increase in the greenhouse gas emissions. Based on the percent changes in the 
transportation, it was calculated that for every 1 ton-kilometer increase the overall carbon emissions 
increases by roughly 0.19 kg CO2 eq. per ton food waste. 
 










































GHG emissions per ton food waste  














Base,	Trans	Scenario	1	(100	tkm)	 -472	 -50	 -12%	
Base	Case	(230	tkm	one	way)	 -422	 ---	 ---	
Base,	Trans	Scenario	2	(500	tkm)	 -323	 99	 23%	
Base,	Trans	Scenario	3	(1000	tkm)	 -137	 285	 68%	
Table 6.6 - GWP variation due to changes in transportation 
Given that the moisture content has such variability across all of the processes mentioned in Chapter 5, 
three different food waste moisture values, 40%, 60% and 80%, were incorporated into the model to 
determine how the results would be affected. These values were chosen to give a broad picture for the 
variation in the results based on the moisture content. For reference, bread has moisture content in the 
mid-30% range, semi-soft cheeses such as feta or mozzarella range have moisture levels between 50% 
and 60%, and raw potatoes are in the mid-80% range.63 
 
It was assumed that the same weight of material was being transported to the processing facility; the food 
waste, in this case, merely contained more water and therefore less salvageable feed per functional unit. 
For example, in Lee et al. (2007) the food waste moisture content was close to 57% and the process only 
generated 150 kg of feed per ton of food waste. In each of the scenarios, the amount of heat supplied 
would have to increase or decrease based on the drying energy required. It was assumed that the 
additional energy would come from wood chips rather than packaging; the packaging used, in this case, 
was a by-product of the system rather than a commodity item that can be purchased as needed. The drying 
technology utilized by this processor is only one method for reducing moisture in the feed; the fuel used 
may change from facility to facility but the energy demanded remains the same. As such, the purpose of 
this section of the analysis was two-fold; first to understand the impact of increased moisture content but 
also to better understand how the greenhouse gas impact changes as a fossil fuel (e.g., natural gas) is 
introduced to dry the material. 
	  
																																								 																				







MC	22%	 MC	40%	 MC	60%	 MC	80%	 MC	22%	 MC	40%	 MC	60%	 MC	80%	
Bakery	meal	output	 83%	 66%	 44%	 21%	 19%	 10%	 6.1%	 4%	
Water	output	 16%	 33%	 55%	 78%	 7.1%	 7.9%	 8.2%	 8.4%	
Packaging	output	 1%	 1%	 1%	 1%	 0.23%	 0.12%	 0.08%	 0.05%	
Water	Vapor	 ---	 ---	 ---	 ---	 74%	 82%	 86%	 87%	
Table 6.7 - Change in mass contribution with food waste moisture content (MC) 
 
Table 6.7 demonstrates how the mass and energy balances through the dryer changed as the input 
moisture content of the food waste and packaging mixture increased. The water output and bakery meal 
output essentially switched values for mass contribution from 22% to 80% moisture content. As discussed 
above, 22% is the moisture content of the base case scenario. From an enthalpy perspective, the energy 
required for vaporizing the water remained a signification contributor for each moisture content level. The 
sensible heating of water and packaging outputs stayed relatively consistent and the bakery meal output 
energy contribution dropped 15%. The results were significant when put into terms for energy 
contribution per ton feed output. In the base case, the dryer energy demand was 714 MJ per ton of food 
waste, for 40% moisture content it was 1346 MJ per ton of food waste, for 60% moisture content it was 
2161 MJ per ton of food waste, and for 80% it was 3002 MJ per ton of food waste. The increase in energy 
demand for 40%, 60%, and 80% moisture content relevant to the base case, was 89%, 203%, and 320% 
respectively. 
 
As shown, the process moisture content of the inbound food waste was increased by roughly 20% for 
each scenario. While it is unlikely that this particular FFP processor will accept and process material with 
more than 40% moisture, there are a few reasons why these data points are significant. Firstly, a few of 
the assessments described in literature (Chapter 5) analyzed generating FFP with starting moisture 
contents between 50% and 80%. Secondly, the greenhouse gas emissions for this process in particular are 
dominated by the credit for traditional feed avoidance, therefore it is reasonable to assume that the 
processing changes due to the moisture content increase have minimal impact on the overall GHG 
emissions.  This avoidance credit is still the largest contributor to the GHG emissions result even at 














Table 6.8 - Feed avoidance contribution by moisture content level 
 
Not only does the increase in moisture content impact the energy required to dry the material, there was 
also significantly less feed material available to provide the feed avoidance credit. The relationship 
between moisture content of food waste and overall system greenhouse gas emissions is shown below in 
Figure 6.9. Four different moisture levels were analyzed, 22% (the base case), 40%, 60%, and 80%. 
Based on these results, an environmental breakeven point in kg CO2 eq. per ton of food waste can 
reasonably be predicted with a linear equation, shown below. According to this predictive method, the 
GHG emissions become positive at moisture level of 80%. In this case, a value above zero means that the 
GHG impact of the process, heating, and transportation are greater than the GHG credit for avoided feed. 
If the GHG benefit from landfill avoidance was included in the calculation, the GHG emissions would 
still be very much negative. The landfill credit was not factored in in order to be consistent with published 
literature.  
If natural gas were to dry the food product instead of wood chips and packaging the break-even moisture 
content is just under 60%, which is also depicted in Figure 6.9. Due to how much savings are realized for 
traditional animal feed avoidance, the difference between a fossil fuel based drying energy source and a 
non-fossil fuel based on was not apparent until the food waste moisture level increased to close to 60%. 
For the base moisture level of 22%, changing from wood chips and packaging to natural gas increased the 
percent contribution of drying energy by 6% or from 4 to 48 kg CO2 per ton food waste. Additional 
















Base	Case	 -422	 ---	 ---	
Base,	MC	Scenario	1	(40%	MC)	 -290	 132	 31%	
Base,	MC	Scenario	1	(60%	MC)	 -114	 308	 73%	
Base,	MC	Scenario	2	(80%	MC)	 -19	 403	 96%	
Natural	Gas	(NG)	 -379	 43	 10%	
NG,	MC	Scenario	1	(40%	MC)	 -208	 214	 51%	
NG,	MC	Scenario	1	(60%	MC)	 12	 434	 103%	
NG,	MC	Scenario	2	(80%	MC)	 236	 658	 101%	












































Figure 6.10 - GHG value contribution by process step using natural gas for drying 












 (kg CO2 eq. / ton FW) % (kg CO2 eq. / ton FW) % 
Total -422 --- -379 --- 
Heating 4 1% 48 7% 
Process 28 4% 26 4% 
Transportation 87 13% 87 12% 
Feed Avoidance 
Credit 
-542 82% -540 77% 
Table 6.10 - GHG value contribution by process step in base case and natural gas drying scenarios 
 
Another comparison that can be made in order to better compare the results of this LCA to literature is to 
substitute the various values used for GHG savings for avoided animal feed per unit of food waste over 
what is provided by SimaPro for maize grain animal feed. The process block used in SimaPro had a GHG 
emissions factor of 0.594 kg CO2 eq. per kg animal feed. The input values range from 0.43 (Takata et al., 
2012) to 0.8 kg CO2 eq. per kg feed (Kim and Kim, 2010). The results are shown below in Table 6.11. In 
both cases, the change in feed credit still results in a negative GWP for the base case. There are two 
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higher moisture content, the environmental breakeven point will change. If this assessment were to be 
utilized to determine the maximum acceptable food waste moisture, the threshold would be reduced if the 
feed avoidance credit were taken from Takata et al. (2012) rather than the default SimaPro value for corn 
maize. Secondly, the variation caused by the feed avoidance credit impacts which diversion pathway is 











and	Kim	(2010)	 -610	 -188	 -45%	
Base	Case	 -422	 ---	 ---	
Base	Case,	Feed	Credit	from	Takata	
et	al.	(2012)	 -264	 158	 37%	
Table 6.11 - GWP variation due to changes in avoided animal feed GHG credit 
The results shown in Table 6.11 are important because they demonstrate that the GHG emissions benefit 
of this LCA, which is vastly greater than the average from literature, is not solely dependent on the feed 
avoidance credit factor selected. This shows that the physical parameters, i.e. heating method, feed 
processing, and transportation, are what causes this FFP process to have a better result than the literature 
cases described in Chapter 5. The GHG impact results using the feed credit from Kim and Kim (2010) or 
Takata et al. (2012) would have to be significantly greater or significantly less than the base case in order 




As shown above in Table 6.6, feed avoidance contributed 82% to the overall GHG emissions for the 
system analyzed. As such, reasonable changes to the process parameters, e.g. energy sourcing and travel 
distances, did not alter the overall outcome that generating FFP has a positive environmental impact. It 
was not until multiple changes in parameters were coupled together did FFP processing emissions exceed 
the savings from feed avoidance. For example, employing natural gas over packaging and wood chips for 
drying reduced the GHG break-even point from 80% to just under 60% food waste moisture content. It is 
important to remember, however, that landfill avoidance was not included in the assessment in order to be 
consistent with literature. As discussed above, the EPA estimated the GHG emissions from landfilling 
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food waste per ton to be 782 kg CO2 eq.4 This is fairly consistent to literature, shown in Table 6.11, the 
median GHG emissions result is 732 kg CO2 eq. per ton of food waste. If the EPA value was incorporated 
into the analysis, all scenarios described above would have a negative result. The base case results would 
be approximately -1200 kg CO2 eq.   
 
No other life cycle assessments of FFP to date have had such positive outcomes. Even with a more 
conservative feed avoidance factor from Takata et al. (2012) the results were still below (more negative) 
than any other paper published to date. The New York State processor analyzed for this LCA benefited 
from two key characteristics over the literature discussed in Chapter 5. Firstly, the energy sourcing for 
drying was non-fossil fuel based; in the base case described above, drying accounted for less than 1% of 
the system’s GHG emissions. Secondly, the collected food waste moisture content was roughly 22% 
whereas in literature those values were anywhere from 57% to over 80% moisture. For example, in Ogino 
et al. (2007) moisture content of the food waste averaged around 71% and Kim and Kim (2010) included 
inputs with moisture varying between 77% and 81%. Utilizing wetter inputs negatively impacts the 
results in two ways; it increases the energy required to dry the feed and lowers the yield of available feed 
because more is lost as water.  
 
The commodity by-product filler also plays two important roles for the FFP processor and its GHG 
results. Firstly, it lowers the moisture content of the mixture before it enters the dryer, and therefore 
reduces the amount of energy required to dry the feed, and secondly it enables the processor to generate a 
more consistent output. The nutritional content of the food waste inputs fluctuates at the processing 
facility and the filler helps to minimize that variability. The commodity filler’s mass was removed from 
the amount of feed avoided in the system, to make the credit the result of food waste only, not food waste 
plus filler ingredient.  
 
Additionally, an important consideration when including a commodity filler into the process is that this 
ingredient is purchased by the processor, unlike many of the other food waste inputs. There is a cost-
benefit tradeoff for a processor with this ingredient. By buying the filler, less money is spent on drying 
the material because the ingredient lowers the recipe’s starting moisture level. If this type of ingredient 
(there is more than one by-product input that can act as the filler) has a significant price increase or the 
cost to dry feed is greatly decreased, it may not make economic sense to continue to buy a commodity 
filler for this purpose. If that were the case, however, the processor would need an alternative means for 




Something not discussed at great length during the analysis above was the role of feed quality. In a few of 
the studies mentioned in Chapter 5 it was assumed that the FFP output was a direct substitute for the 
commercial feed available in that region (i.e., oats, corn, or soybeans). A few other assessments, including 
this LCA, based the feed avoidance credit on an energy factor substitution. Specifically for this analysis, 
the FFP on average is valued at approximately 1.1 tons of FFP per 1 ton of corn based on the nutritional 
content of the FFP produced. If the processor generated a lower quality feed due to low nutritional food 
waste inputs the amount of feed avoided would also be reduced. This, in turn, decreases the GHG impact 
credit given per unit of output.   
 
Figure 6.11 below, summarizes the relative GWP for the New York State based FFP processor as 
compared to the main food waste diversion pathways studied in literature. In all cases, the functional unit 
was put in terms of one ton of food waste or mixed organic matter processed. The boxes for each 
diversion pathway was the median GHG emissions value from the literature discussed in Chapter 5 and 
repeated in Table 6.12. The error bars show the minimum and maximum results from those studies. For 
the FFP LCA, the error bars, as described earlier, portray how much the emissions value can change 
based on the feed avoidance factor used. Those two adjustments, as stated previously, came from Takata 
et al. (2012) and Kim and Kim (2010). The range of values depicted in Figure 6.11, demonstrated that 
there was a reasonable amount of overlap across the diversion pathways. Unfortunately, the dataset for 
each alternative was relatively small, between four to six points per pathway, so it was difficult to draw 
too many conclusions about the most favorable outcome. The ranges did indicate how much the results 
will vary depending on the assumptions made and process analyzed. Additionally, after factoring in the 
landfill avoidance, all results for each diversion pathway would be negative. This means that 
theoretically, all diversion pathways are environmentally more preferable to landfilling. Thus, more 
research efforts can be put forth to deciding which alternative makes economic sense for each different 
type of food waste. 
 
As shown, the outcome from the New York FFP processor was drastically different than the median value 
of dry feed from literature. This demonstrated that there was a gap in assessments which accurately 
represent the processing techniques utilized by the New York State processor as well as others in the 
United States and Europe. Based on information gathered in Chapter 5, it appeared that the trend or 
standard practice for many processors was to utilize drier food products as inputs as compared to their 
Asian counterparts. Literature to date has not reflected that practice and therefore has yielded higher GWP 
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Dry	Feed	 4	 35.6	 1.9	 (-126,35.6)	
Wet	Feed	 5	 -48	 -30	 (-284,268)	
Anaerobic	
Digestion	
4	 -53	 -150	 (-550,56)	












































Landfilling	 4	 732	 943	 (408,1900)	
Table 6.12 - Summary of literature values for GHG emissions by diversion pathway in kg CO2 eq. per ton food waste 
 
As stated in Section 2.5 (Utilization of Food Waste as Animal Feed), roughly 26% of dry feed ingredients 
in the United States come from by- or co-products (Ferguson, n.d.). Given this, it was likely an over 
estimate to assume that 100% of the feed supplemented by the FFP was a conventional feed such as 
milled corn. In an expanded version of this model, the use of by-products should be analyzed to better 
reflect reality. This adjustment to the assessment would likely reduce the GHG benefit from avoiding 
strictly conventional feed. A by- or co-product based feed, from ethanol production for example, should 
have a lower environmental impact than growing corn strictly for feed. However, if FFP production grew 
enough to drive existing by- and co-product feeds out of the feed market there would be significant 
consequences for those industries. For example, in the case of biofuels, sending co-products to animal 
feed carries anywhere from 19% to 46% (depending on the allocation method) of the GHG emissions 
burden from well to wheels of corn to ethanol production (Wang et al., 2011).  
7 Identification of Feed from Food Product Development Opportunities for 
New York State 
7.1 Introduction 
 
The focus of this chapter is to define areas of opportunity for New York State to increase FFP, based on 
the background assessment, literature review and analysis presented in Chapters 1-6. Many of the major 
outcomes from each section are reiterated below in order to tie findings back to New York. As stated 
earlier, due to New York’s unique characteristics, best practices from Europe or Japan cannot just be 
applied without comprehensive assessment. Some of the key points include the importance of 
terminology, the impact of landfill bans, value of good data, and a discussion of outcomes based on the 
LCA.  
   
7.2 Lessons from Japan and Korea 
While Japan and Korea have clearly different customs and practices than those in New York State, there 
are several lessons to be learned from the successful waste and food waste recycling changes these 
countries have experienced. As stated above, Korea has a landfill ban and a pay-as-you-throw type system 
for several different wastes including food. According to Sakai et al. (2007), landfilling of general MSW 
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in Korea has gone from over 70% in 1995 to just over 20% in 2007. Additionally, as of 2006, the food 
waste recovery rate was 94% (Kim et al., 2011). Around the time that the landfill ban was put into place, 
Korea also invested in public services to be able to manage the increase in lost food products. 
 
Unlike Korea, Japan does not have a landfill ban but the country does have diversion to feed as its top 
priority and all food waste generators have annual recycling targets. There are incentives and funding 
available to those businesses involved in the food circular economy described above. For example, pork 
sold at supermarkets is given a special label if the livestock was fed Ecofeed, Japan’s label for FFP. This 
visual symbol increases awareness and enables consumers to make a more sustainable choice when 
purchasing meat products. The Ecofeed label is promoted as a symbol of sustainability, which animal 
farms can promote and consumers can feel good about purchasing.  
 
One approach that Japan has taken that likely leads to increased FFP is that diverting to lost food products 
to animal feed supports the country’s target for feed independence. Generating feed from food products is 
not just good business; it is also good for Japan. Additionally, by tying food waste recovery to the much 
larger circular economy plan, Japan is sending a consistent message about multiple products across 
several different industries. According to “Waste Management in Japan” (2014), “Users of these systems 
are eligible for preferential measures specified in related regulations in order to efficiently recycle food 
waste.” As discussed in Section 3.2 (Japan Strategy), all parties involved in the food-feed cycle are 
expected to participate.  The general cycle is shown below in Figure 7.1; food processors send their 
unused resources to recycling facilities where the inputs are transformed into feed or fertilizers, which are 
utilized by primary food industries to grow the food products that become inputs for the food processors. 
To further reinforce food waste recycling, waste generators, not including households, have facility 
specific recycling targets and large producers are required to annually report results of their recycling 
efforts. Figure 7.2 demonstrates the success that Japan has had in recovering food waste since first 




Figure 7.1 - Japan's food based Materials Cycling Strategy 
(Reproduction of figure by Waste Management in Japan 2014) 
	
  
Figure 7.2 - Japan's food waste recycling by supply chain segment over time 
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7.3 Lessons from Europe 
 
Similar to Japan, Europe has chosen to incorporate labeling in their food to feed processing efforts. While 
meat that consumers purchase is not identified any differently, the food waste produced that is fed to 
livestock is given the title of former foodstuffs, not waste. This distinction helps from the legal standpoint 
but also removes some of the stigma associated with the word “waste” and food waste to animals. This is 
very similar to the issue brought up by McDonough and Braungart in The Upcycle (2013). For example, 
San Diego attempted to recycle wastewater during a drought back in 2007; journalists named the project 
‘Toilet to Tap.’ This phrasing essentially destroyed the project, because obviously no one wanted to drink 
toilet water. McDonough and Braungart (2013) contrast this with a similar program in Singapore, which 
has been successful; the title given to this project was NEWater. Additionally, the EU Former Foodstuff 
Processors Association (EFFPA) is an associate member of the animal feed organization for Europe, the 
European Feed Manufacturers Association. This relationship also can break down barriers between 
stakeholders. 
 
A few countries have landfill bans on organic waste and many others have much higher landfilling costs 
than the average in New York. Norway recently introduced a landfill ban but attributed most of their 
organic waste diversion successes to the higher landfilling costs (Waste in Norway, 2013).56 Similar to 
how alternative energy becomes more economically attractive as traditional energy costs increase; the 
same is true for waste management and food recovery. What has been shown in Korea and Europe is that 
once throwing away items becomes too costly, or even illegal at the extreme, processors learn to 
effectively manage their waste materials and not landfill them. 
 
The final lesson from Europe is that the region has funded and continues to fund projects focused on food 
waste. One is specifically focused on improving the food waste diversion to feed through various means 
including improved technology and information access. These efforts benefit the FFP industry in many 
ways. Firstly, it increases operational efficiency of FFP processing. Secondly, it demonstrates Europe’s 
commitment to this diversion pathway; talking about it is one thing but the EU is also committing 
research dollars to FFP. Thirdly, these projects are highly visible and can serve essentially as marketing 




7.4 Observations from New York 
Chapter 4 covered a variety of topic areas relevant to FFP. Within this section, many of the important 
concepts from that chapter will be revisited and condensed into points of consideration or 
recommendations in order to increase FFP within New York.   
 
New York has in place a beneficial use determination (BUD) program that can be granted to facilities that 
are utilizing wastes for constructive purposes. Waste recovery for animal feed is one of the determination 
categories; there are ten active BUD FFP based permits from nine different businesses as shown in Table 
4.9.58 Additionally, it is only the waste facilities which beneficially utilize food waste for animal feed that 
receive the BUD status. As discussed above, businesses that manage food waste through composting or 
anaerobic digestion are still obligated to follow Solid Waste Management Facilities Regulations Part 360 
as well as adhere to additional requirements. While maintaining quality standards for this material is 
critical, it is counterintuitive and counterproductive to require more effort from facilities that are 
beneficially utilizing solid waste than for those that are merely disposing of it. 
 
The BUD program certainly benefits the eligible permittees by allowing them to manage a would-be solid 
waste without having to follow the lengthy regulatory requirements for solid waste management under 
Solid Waste Management Facilities Regulations under 6 NYCRR Part 360.  NYCRR stands for New 
York Codes, Rules, and Regulations. However, the waste handlers are only one portion of the waste 
recovery and utilization system. Japan, as reviewed above, chose instead to promote and incentivize each 
stage of the food product recovery cycle; every stakeholder plays an important role, not just the one at the 
end. While it may be difficult to start labeling meat at the store with an Ecofeed-like label due to supply 
chain complexity in the United States, there could be recognition or incentives directly tied to sending 
food scraps to animal feed.   
 
Depending on how the food waste totals are calculated, there is a significant opportunity to divert more 
food waste to feed from the valuable food waste producers, chiefly bakery waste. Food product losses 
from bakeries, as discussed earlier, are well utilized in the feed industry. Based on the total number of 
firms or sales numbers, New York bakeries are producing between 240,000 and 1,000,000 tons of food 
waste each year. A more refined number would be to use the total production volumes for bakeries and 
multiply by the waste factor of 10% established by the FAO (Gunders, 2012). The most accurate data 
would be found through a statewide waste audit or survey. In any case, the data suggests there is far more 
waste being generated than being utilized for animal feed in New York, so there is certainly room for 
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growth. Figure 4.9 from the Organic Resource Locator provides a general picture for the locations of 
bakery facilities; the majority are located in the New York City area. This graphic, however, may not 
accurately reflect the distribution of bakery waste being generated, e.g. the bakeries downstate may be 
much smaller than some of the facilities in Western New York and therefore produce significantly less 
waste. 
 
Through industry data and various discussions with industry stakeholders, it appears that significant 
amounts of food processing by-products are going to feed. As shown in Figure 7.3, the majority of food 
products and by-products recovered in the food processing sector is going to animal feed. While this is 
not considered a food waste by the EPA’s standards, these successes or partnerships should be promoted 
to enhance interest in the concept of sending food losses to animal feed. There are several ways that in 
which New York State FFP can benefit from the by-product feed industry. Firstly, the success of 
recovering these by-products for feed can be utilized as a promotional tool, to educate the relevant 
stakeholders and general consumers, as well as take away some of the stigma of sending “waste” 
materials to livestock as feed. Sending lost food products to animal feed is merely an extension of a 
practice that has a significant industry presence. Secondly, from the technical side, many lessons can be 
learned from the by-product to feed industry. These lessons include best practices within the supply chain, 





Figure 7.3 – Survey results for the fractions of food waste recovered by diversion method as a percentage of total amount 
recovered within the food manufacturing sector  
(Reproduction of figure by BSR, 2014) 
	
Work needs to be done to better understand the limitations for small to medium food manufacturers. The 
discussions described above were limited to a few stakeholders, all of whom are already actively involved 
in the food to feed business. An expanded inquiry would yield more tangible and addressable concerns 
that smaller food processors may have. It is difficult to make specific recommendations without a better 
understanding of the real root causes to the problem. A few of the opportunities may include setting up 
“milk-runs” to close-by waste generators to improve efficiencies and lower cost per trip for both 
generators, subsidizing food waste compactors which may be an entry cost restriction for some, holding 
education and information sessions to introduce the concept and explain what available options are in 
close proximity. Additionally, networking events can be set up so that matches can be made between 
generators and waste processors. As discussed above in Chapter 4, this was one of the recommendations 
made in Beyond Waste (2010) by the DEC.  
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7.5 Opportunities based on LCA 
Many of the findings from the life cycle assessments were already stated in Chapter 4, but some of the 
conclusions are reiterated here in order to describe the relevant lessons learned specific to New York. 
Firstly, as shown in Figure 6.9, moisture content of the inbound food waste not only plays a role in the 
energy required to dry the ingredients but it also results in less feed per unit input. This affects both the 
GHG savings as well as the economic incentive for facilities to generate FFP. However, given the 
parameters of this case as well as the assumptions made, even at 80% moisture, for the given processing 
facility the GHG emissions were still negative. A negative result means that the benefit received from 
avoiding the production of conventional animal feed is greater than the sum of emissions generated from 
processing FFP (from transportation, processing, and drying, etc.). As discussed above, this outcome does 
not factor in the GHG benefit from landfill avoidance, which is approximately 782 kg CO2 eq. per ton of 
food waste.4 Based on the results of the sensitivity analysis, the environmental break-even point for 
inbound moisture content is just under 80% for non-fossil fuel based drying energy and 60% for natural 
gas.  Given the food waste landfill avoidance credit, there is still significant environmental benefit to FFP 
even at high moisture levels.  
 
This moisture content finding does not necessarily mean that FFP processors should take in all high 
moisture ingredients available; there are still costs and benefits to consider. Additionally, at different 
moisture levels, the most favorable diversion pathway may change. It is recommended in future work to 
investigate that relationship between food type and preferable pathway.    
 
In the FFP LCA from Chapter 6, transportation accounted for roughly 13% of the system’s GHG 
emissions. Even when the travel distances were increased to 1000 tkm for both inbound food waste and 
outbound feed transport, the system’s GHG emissions were still negative. While it is unlikely that 
processors will travel 2000 tkm per in and out load, the result did demonstrate how much conventional 
feed avoidance outweighed the other parameters in the model. Given this result, the decision for 
processors to travel far distances to move material should be based on an economic assessment of the 






8 Conclusions and Future Opportunities 
8.1 Conclusions 
 
The purpose of this thesis as described in the Section 1.2 was to fill some of the knowledge gaps 
surrounding the diversion of lost food products to animal feed. While the concept of feeding livestock 
food scraps is not new, the practice has generally been limited to food by-products rather than food waste 
and has occurred without broad public knowledge. Any items which are intended for human consumption 
but are lost from the food chain before this occurs are classified as food waste. Portions of the food 
products that are intentionally removed in the supply chain and are not meant for consumption are not 
classified as food waste and are instead considered by- or co-products. These items may include materials 
such as citrus pulp, and vegetable peels.  
 
As stated previously, the distinction between food waste and food by-products is important. While in high 
level terms they are very similar as they are both organic waste lost from the food supply chain, in a lot of 
ways, these waste flows have very different defining characteristics, and therefore require different 
amounts of attention when it comes to waste recovery. By-products are fairly uniform in quality and 
nutrition content and often a single stream of material. Food waste, on the other hand, can be highly 
variable in both content and supply volume. This irregularity and uncertainty used to be less important, 
but the feed needs of the livestock industry have changed over time. Historically, feeding garbage to food 
animals was a common practice. Now, tight safety measures coupled with the development of specialty 
grain based feeds have reduced the amount of food waste or garbage that is being used as feed.  
 
Special focus is needed to understand the best mechanisms for recovering these irregular waste streams so 
that the rate of recovery for food waste is almost equal to that of food by-products. As stated afore, across 
the United States food waste diversion rates are less than 3% whereas by-products, based on BSR (2014), 
have recovery rates closer to 95% in the food manufacturing sector and 42% in the retail and wholesale 
sector (BSR, 2014). The intention of this thesis was to lay the groundwork for how to increase recovery 
specifically to animal feed, the third most preferred pathway on the EPA’s food waste hierarchy after 
source reduction and donation for human consumption.3 The fundamental questions answered as a part of 





• What is the state of diverting lost food products to animal feed? 
In Chapter 3, the state of generating feed from food products (FFP) was analyzed. This chapter reviewed 
the relevant regulations, for both the food waste and animal feed, from several global leaders in food 
waste recovery and FFP. Those regions include Korea, Japan, the European Union, and the United States. 
Each country has different approaches to managing food waste. The unique characteristics of each region 
have helped to shape the policies in place for both food waste recovery and animal feed. The laws in place 
are reflective of many factors including landfill capacity, recent livestock disease outbreaks, as well as the 
cost of incumbent goods that can be substituted with food waste based alternatives, i.e. animal feed, 
fertilizer, and electricity. In Europe, for example, where bovine spongiform encephalopathy (BSE) 
outbreaks of the early 2000s were the worst, the FFP safety regulations are the strictest. Additionally, in 
Japan, where livestock feed is often imported, sending food waste to animals is a top priority to help 
reduce the country’s dependence on foreign supplies. One commonality between the regions is their 
interest in diverting lost food products to animal feed; it is ranked as one of the top priority diversion 
pathways for the regions discussed above: Korea, Japan, the EU and the United States.  
 
Within the United States, one of the most relevant regulations to the FFP industry is the Food Safety 
Modernization Act (FSMA). The law was put into effect in 2014 and is being introduced into the FFP 
sector in waves, starting in the fall of 2016. The intent of FSMA is to update food and feed standards with 
a focus on prevention, rather than detection and containment of safety issues. Facilities that participate in 
the animal feed supply chain, including the FFP supply chain, are required to meet the new FSMA 
standards. Some of the expectations include initiating risk-based prevention plans, monitoring, as well as 
instituting Current Good Manufacturing Practices (CGMPs).32 This regulatory change is significant for 
the FFP industry; it is important to better understand if the new laws are a deterrent for firms from 
diverting food waste to animal feed. One industry stakeholder did indicate that the introduction of FSMA 
would be inhibitory and potentially not worth the risk for diverting to food waste to feed. More data on 
the opinions surrounding FSMA would provide a better picture of current industry sentiment. 
 
While many areas are going about food waste and its recovery differently, another unifying body has been 
the United Nations Food and Agriculture Organization (FAO). In addition to publishing reports on the 
state of food waste, the group has also supported the FFP industry growth and knowledge base through 
conferences. Most recently, the FAO hosted a four-week e-conference titled “Utilization of Food Loss 
and Waste as well as Non-Food Parts as Livestock Feed.” The purpose was to discuss the global issue of 
food waste diversion to animal feed as well as the regional best practices and constraints in this area. 
124 
 
There were respondents from 47 different countries including the UK, the United States, India, and 
Nigeria. Some of the relevant topics from the discussion included the need for a globally consistent 
definition of food waste, and how important it is to further educate food processors and policy makers on 
the generation FFP, feed safety, and processing best practices.64 
 
A significant portion of this thesis was dedicated to describing the relevant context for food waste and 
generating feed from food products. Terms such as garbage, food waste, and food by-products have 
different meanings depending on where and how the words are used. For example, what is defined as 
garbage in the United States is called food waste in Europe. It is prohibited to feed livestock food waste in 
Europe. Food product losses, or pre-consumer food waste, that are recovered as animal feed are called 
former foodstuffs in Europe, not waste, which gives it a legal standing as an acceptable feed product. 
Whereas in the United States, whether the waste is pre- or post-consumer, independent of how the 
material is disposed of, we call it food waste. As described in this quick example, the distinctions are 
important because of the legal ramifications and the record keeping. Definition clarity is key; Europe has 
gone so far as to fund a project to formulate an agreed upon set of definitions once and for all. 
 
Another divergence around food waste is the notion of what constitutes waste. As detailed in Chapter 3, 
nations disagree which losses from the food supply chain are incorporated in the definition. This disparity 
makes direct comparisons, across countries, on food waste and recovery challenging. For example, in 
Japan, where recovery rates for food manufacturers is close to 95% as of 2012, inedible food parts, i.e. 
by-products are included. In the United States, where food waste only includes the edible portions of lost 
food items, total recovery across the supply chain is only 2.8% (Municipal Solid, 2011). Food recovery 
surveys, within the US, which include by-products have rates similar to that of Japan, the report from 
BSR (2014) is a good example; 93.4% was recovered according to their 2013 study. 
 
Additionally, as discussed in previous chapters, each food waste term has a different connotation within 
the food production and feed industries. In New York State, feeding garbage, or post-consumer waste, to 
animals is prohibited, while garbage feeding to swine is legal in some states. While there are no legal 
regulations in feeding food waste or food scraps to animals, one of the recommendations of this thesis is 
to no longer describe lost food products which are fed to animals as food waste. 
																																								 																				
64 Food and Agriculture Organization of the United Nations, Summary Document of the FAO e-mail conference 





As an industry recovering from disease outbreaks (mad cow disease and foot-and-mouth disease) and is 
attempting to grow and act as a beneficial waste recovery pathway, educating relevant parties is 
absolutely necessary. By-products are already heavily utilized for animal feed; roughly 26% of dry feed 
came from food processing by-products, e.g. soy bean meal and gluten feeds (Ferguson, n.d.). 
Information sharing about successes from the by-product based feed market, i.e. available drying 
technologies, processing strategies, etc., are important in the development of the FFP. Sharing 
information can help industry move away from the uncertainty of food waste as a feed ingredient. It is 
also important to educate stakeholders on the relevant laws and mechanisms in place to protect livestock 
and society as a whole against potential diseases.  
 
Also documented in Chapter 3 were several global FFP processors accepting a multitude of packaged or 
bulk food product ingredients lost from the supply chain and generating commercially accepted dry 
animal feed. As noted, many of the ingredients utilized by European and American processors were 
similar. These facilities primarily accept bakery and pasta waste, candies, chips, etc. Both Korean and 
Japanese processors incorporate food waste that is more reflective of their respective cuisines, i.e. bean 
curd, noodles, and rice are among the top ingredients recovered by processing facilities in Japan (Sugiuri 
et al., 2009b). While it is difficult to obtain the exact FFP processing methods for each facility, it appears 
that many of the operations perform the same basic procedure to generate dry FFP. The steps generally 
start with sorting and removal of non-conforming material from the food products; i.e. packaging and 
other contaminants. This can be done manually but is often performed using specialized equipment. Next 
comes mixing, shredding, and drying that may occur in different orders depending on the specific facility. 
Variability between processors also results from whether or not they accept packaged materials, as well as 
what technologies are utilized to dry the ingredients. Several drying methods were employed across the 
facilities analyzed including propane and natural gas, dewatering, etc. The information to be gained from 
this investigation was that not every facility is made equal and that environmental (and economic) cost-
benefit analysis for FFP processing cannot be boiled down to one or two numbers and expect to 
accurately represent the industry. This knowledge of diversity in the processing methodology across firms 
allowed for a more industry relevant sensitivity analysis to take place as a part of the LCA in Chapter 6. 
 
• What are some of the environmental outcomes expected with diversion to animal feed? 
When accounting for feed or landfilling avoidance, diverting food products to animal feed is virtually 
always a good choice and a much better alternative to landfilling with regards to greenhouse gas 
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emissions. The aforementioned literature studies from Chapter 5 did not entirely agree on the most 
preferred alternative, but they were consistent in that landfilling, when presented as an option was the 
least attractive management method for food waste.  
 
Specific to the LCA presented in Chapter 6, generating FFP reduces GHG emissions due to the significant 
emissions credit received for avoiding conventional feed production. Even when the process was made 
worse by increasing transport distances or moisture content the overall emissions were still negative. 
However, relative to the other recovery methods, generating FFP will not always be the preferred 
alternative with respect to global warming potential. For example, as discussed in Chapter 6, as the 
moisture level for the food waste increases, anaerobic digestion becomes more favorable. In the broader 
sense, with these diversion pathways, i.e. animal feed, composting, and anaerobic digestion, all having 
negative GHG emissions, which overlap with each other, the decision for choosing the best alternative 
may become more about optimizing the economic and social parameters over the environmental ones.  
 
• What are some of the policy opportunities to increase food waste diversion to animal feed in New 
York State? 
In Chapter 4, both food waste and animal feed regulations were reviewed. Public data on the food 
processing industries, food waste generation as well as information about the major existing recovery 
outlets: landfills, compost facilities, anaerobic digesters, and feed processors that were identified through 
the State’s beneficial use determination (BUD) program. The most relevant animal feed regulation 
uncovered was the fact that New York does not allow garbage feeding.49 Garbage feeding is defined by 
the State as “putrescible animal  and  poultry  wastes  from  the handling, processing, preparation, 
cooking and consumption of foods... the general definition of garbage is plate waste: food for human 
consumption discarded and collected from establishments that  serve  meals,  such  as  restaurants,  hotels,  
hospitals,  schools  and  corrective  institutions.”49  
 
Given that available food products for feed are limited to pre-consumer waste. According to Beyond 
Waste (2010), this amount is roughly 1.7 million tons per year. Of that total, the highest value waste for 
animal feed is from bakery production. As stated above, bakery and tortilla manufacturing has the greatest 
number of firms in New York State with 1514 and the third highest food manufacturing sector in total 
value of receipts with $2.3 billion (Bureau of Labor, 2014; Schmit et al., 2012). The amount of food loss 
from these facilities was estimated using relative sales volume and relative number of facilities. Using 
these two calculation methods, the total amount of food waste produced by bakery and tortilla 
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manufacturing plants is somewhere between 240,000 and 1.05 million tons per year (Bureau of Labor, 
2014; Schmit et al., 2012). In a similar fashion, there is between 100,000 and 481,000 tons of dairy waste 
available each year, and between 76,000 and 229,000 tons of fruit and vegetable wastes that are suitable 
for animal feed (Bureau of Labor, 2014; Schmit et al., 2012). More accurate values should be obtained 
based on production tonnage or waste audits. According to the BUD information supplied in the Beyond 
Waste (2010), 167,000 per year of food scraps are already being sent to animal feed each year from the 
industrial sector. This leaves roughly 1.5 million tons of food waste available for diversion, assuming all 
of the remaining material is not being beneficially utilized already (Beyond Waste, 2010).  
 
Based on Figure 4.4, which depicted maps from the ORL containing main food processing locations in 
New York, it is evident that majority of the bakeries as well as other animal feed appropriate food 
vendors are located in most of the major cities within New York, with a high concentration of bakeries in 
the greater New York City area. In general, food waste recovery facilities are located reasonably close to 
the more populous cities across the state. An analysis should be performed to determine the existing 
capacity at these various locations. As discussed above, New York State MSW landfills have less than 
twenty years of remaining capacity. This was calculated based on the DEC’s 2012 MSW landfill capacity 
chart for the State’s 27 active landfills.55 The figure below depicts all 27 landfill locations; those 








8.2 Future Opportunities 
Based on the research findings described above, there are several opportunities to continue the research 
and contribute to the gap in knowledge, relevant to New York:  
• Perform an economic and environmental analysis for the points in which drying food products for 
animal feed are no longer viable considering the alternatives available.  
• Investigate how to optimize lost food product diversion to animal feed from small to medium 
manufacturers.  
• Conduct a trade-off analysis of the relevant recovery options across the top food products within 
New York. This builds upon the first opportunity related to wet and dry feeds. There are other 
relevant factors, e.g. bio-methane potential of specific substrates rather than an overall industry 
average that would be included in this type of analysis that is lost when looking at the various 
pathways from a much higher level.  
 
8.2.1 Tradeoff Analysis Across all Diversion Pathways for Specific Products  
Greenhouse gas emissions vary by management pathway as well as by food type. This is due to a number 
of factors which differ by the recovery type, i.e. relevant criteria for FFP are not the same as what is 
important for anaerobic digestion. A simple example was discussed in the paper by Eriksson et al. (2015); 
the authors analyzed the GWP for five typical food products wasted from a supermarket in Sweden. As 
shown in Figure 8.2, the “best” alternative for GWP, given the specific parameters of the study, changes 
by food type: for bananas it is anaerobic digestion followed by donation. For chicken, donation, AD, and 
incineration are all negative but donation is the best option, while for lettuce AD appears to be the most 
favorable alternative but all options are close to zero. For bread, interestingly, incineration has the lowest 




Figure 8.2 - GWP by product type and diversion pathway 
 (Reproduction of figure by Eriksson et al., 2015) 
	
The above paper is just one example of how varying the food inputs can impact the preferred alternative 
based on GWP. It would be very beneficial to do a similar analysis for the high volume waste food 
products in New York, including the products that are already being recovered. Just because a food waste 
has been paired with a recovery mechanism it does not mean it is the “best” alternative for lowest GHG. 
In the majority of cases any diversion pathway is going to be better than landfilling food waste.  
8.2.2 Wet and Dry Feed Environmental and Economic Analysis  
 
Most foods need to be dried or dewatered in order to meet industry requirements of dry feed. At what 
moisture level are the economic and environmental benefits from diverting to animal feed lost? A good 
case study for New York would be whey to feed. Both cheese and yogurt whey have moisture levels 
Banana	 Chicken	 Lebuce	 Beef	 Bread	 Average	
Landfill	 1400	 3100	 210	 2100	 1900	 1742	
Incinera:on	 100	 -310	 250	 3	 -670	 -125.4	
Compos:ng	 43	 43	 43	 43	 43	 43	
Anaerobic	Diges:on	 -380	 -260	 -47	 -670	 -550	 -381.4	
Animal	Feed	 -11	 -38	 5	 -30	 -130	 -40.8	

































Landfill	 Incinera:on	 Compos:ng	 Anaerobic	Diges:on	 Animal	Feed	 Dona:on	
130 
 
between 93% and 94%,65 and New York State is the largest yogurt producer in the country.66 Based on 
publicly available data from the State, there is some whey already being diverted to animal feed either in 
a dry or wet state. However, should it be dried? There is existing literature available demonstrating the 
viability of using whey in AD applications (e.g., Hublin et al. (2012), Ghaly (1996), Comino et al. 
(2009)). Additionally, there is support from the administration of New York Governor Andrew Cuomo to 
divert whey to anaerobic digestion.66    
 
The various variables relevant to this type of analysis include: moisture content, waste volume, travel 
distance from waste generator to processing facility, food waste tipping fees at a landfill and FFP 
processing facility, sale price of food waste based feed and corn feed, energy costs, dryer technology and 
efficiency, energy sources for dryer, etc. This type of analysis can be very important for the State given 
the amount of wet food products and by-products that are currently produced. Additionally, this data will 
help refine the answer for what the most sustainable diversion alternative is for lost food products by 
categorizing different ingredients based on moisture content. A preliminary assessment for the 
environmental break-even was evaluated as a part of the LCA conducted in Chapter 6. This was 
conducted with a limited scope and based on a specific processing technique.  
8.2.3 Increasing FFP from Small to Medium Businesses (SMBs) 
 
This analysis would build upon what was stated in the previous chapter. However, before this type of 
study occurs, it should be confirmed that the larger producers are already diverting their wastes to feed. If 
they are, then it makes sense to evaluate how to best increase diversion to any technology, not just animal 
feed, from the smaller generators. This should start with a survey of understanding the current state, i.e. 
existing waste management practices and what challenges are preventing them from diverting in a more 
sustainable manner. It is assumed that the discussions conducted as a part of this thesis only scratched the 
surface into the problems faced by SMBs to manage their waste streams.   
 
While individually each small food manufacturer is not generating a significant amount of waste, when 
put in aggregate the volume becomes impactful. For example, bakeries and tortilla manufacturing plants 
only have fourteen employees per facility on average across the state; when totaled, this sector makes up 
																																								 																				
65 Dairy Processing Handbook, Chapter 15: Whey Processing, 
http://www.dairyprocessinghandbook.com/chapter/whey-processing 




over 65% of the total number of firms and roughly 41% of all food manufacturing jobs (Bureau of Labor, 
2014). 
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